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BOOK I 


THE MYSTERIOUS UNIVERSE 

BY SIR JAMES JEANS 



And. now, I said, let me show in a figure how fir our nature is 
enlightened or unenlightened: Behold! human beings living in an 
underground cave, which has a mouth open towards the light and 
reaching all along the cave; here they have been from their child- 
hood, and have their legs and necks chained so that they cannot move, 
and can only see before them, being prevented by the chains from 
turning round their heads. Above and behind them a fire is blazing 
at a distance, and between the fire and the prisoners there is a raised 
way; and you will see, if you look, a low wall built along the wav, 
like the screen which marionette players have in front of them, over 
which they show the puppets. 

I see. 

And do you see, I said, men passing along the wall carrying ai! 
sorts of vessels, and statues and figures of animals made of wood and 
stone and various materials, which appear over the wall? . . . 

You have shown me a strange image, and they arc strange 
prisoners. 

Like ourselves, I rcpHcd; and they see only their own shadows, or 
the other shadows which the fire throws on the opposite wall of the 
cave? 

True, he said; how could they sec anything but the shadows if they 
were never allowed to move their heads? 

And of the objects which arc being carried in like manner tlicy 
would only see the shadows? 

Yes, he said. 

To them, I said, the truth would be literally nothing but the 
shadows of the images. 


PLATO, REPUBLIC, BOOK VH 



CHAPTER ONE 


THE DYING SUN 

A FEW STARS arc known wliich are hardly bigger than the earth, 
but the majority arc so large that hundreds of thousands of 
earths could be packed inside each and leave room to spare; here and 
there we come upon a giant star large enough to contain millions of 
millions of earths. And the total number of stars in the universe is 
probably something like the total number of grains of sand on all 
the seashores of the world. Such is the Httleness of our home in space 
when measured up against the total substance of the universe. 

This vast multitude of stars are wandering about in space. A few 
form groups which journey in company, but the majority are soli- 
tary travellers. And they travel through a universe so spacious that 
it is an event of almost unimaginable rarity for a star to come any- 
where near to another star. For the most part each voyages in splendid 
isolation, like a ship on an empty ocean. In a scale model in which the 
stars are ships, the average ship will be well over a million miles 
from its nearest neighbour, whence it is easy to understand why a 
sliip seldom finds another witliin hailing distaneg^ 

We believe, nevertheless, that some two thousand million years 
ago this rare event took place, and that a second star, wandering 
blindly through space, happened to come within haihng distance of 
the sun. Just as the sun and moon raise tides on the earth, so tliis 
second star must have raised tides on the surface of the sun. But they 
would be very dilEFerent from the puny tides which the small mass 
of the moon raises in our oceans; a huge tidal wave must have 
travelled over die surface of the sun, ultimately forming a mountain 
of prodigious height, which would rise ever higher and higher as 
the cause of the disturbance came nearer and nearer. And, before the 
second star began to recede, its tidal pull had become so powerful 
that this mountain was torn to pieces and threw ojff small fragments 
of itself, much as the crest of a wave throws off spray. These small 
fragments have been circulating around their parent sun ever since. 
They arc the planets, great and small, of which our earth is one. 

The sun and the other stars we see in the sky arc all intensely hot 

1 



2 THE MYSTERIOUS UNIVERSE 

—far too hot for life to be able to obtain or retain a footing on them. 
So also no doubt were the ejected fragments of the sun when they 
were first thrown off. Gradually they cooled, until now they have 
but little intrinsic heat left, their warmth being derived almost entirely 
from the radiation which the sun pours down upon them. In course 
of time, we know not how, when or why, one of these cooling 
fragments gave birth to life. It started in simple organisms whose 
vital capacities consisted of little beyond reproduction and death. But 
from these humble beginnings emerged a stream of life which, ad- 
vancing through ever greater and greater complexity, has culminated 
in beings whose lives are largely centred in their emotions and ambi- 
tions, their aesthetic appreciations, and the religions in which their 
highest hopes and noblest aspirations lie enshrined. 

Although we cannot speak with any certainty, it seems most likely 
that humanity came into existence in some such way as this. Standing 
on our microscopic fragment of a grain of sand, wc attempt to dis- 
cover the nature and purpose of the universe which .surrounds our 
home in space and time. Our first impression is something akin to 
terror.We find the universe terrifying because of its vast meaningless 
distances, terrifying because of its inconceivably long vistas oi time 
which dwarf human history to the twinkling of an eye, terrifying 
because of our extreme loneliness, and because ol the material insig- 
nificance of our home in space-a millionth part of a grain of sand 
out of all the sea sand in the world. But above all else, wc fmd the 
universe terrifying because it appears to be indilFcrcnt to life like our 
own; emotion, ambition and achievement, art and religion all seem 
equally foreign to its plan. Perhaps indeed wc ought to say it appears 
to be actively hostile to life like our own. For the most part, empty 
space is so cold that all life in it would be frozen; most of tiie matter 
in space is so hot as to make life on it impossible; space is travcr.st;d, 
and astronomical bodies continually bombarded by radiation ot a 
variety of kinds, much of which is probably ininiica! to, oi even 

destructive of, life. ^ • i 

Into such a universe we have stumbled, if not exactly by mistake, 
at least as die result of what may properly be described as an accident. 
The use of such a word need not imply any .surprise that our earth 
exists, for accidents will happen, and if the universe goes on for bug 
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enough, every conceivable accident is likely to happen in time. It 
was, I think, Huxley who said that six monkeys, set to strum unin- 
telligcntly on typewriters for millions of millions of years, would be 
bound in time to write all the books in the British Museum. If we 
examined the last page which a particular monkey had typed, and 
found that it had chanced, in its blind strumming, to type a Shake- 
speare sonnet, we should rightly regard the occurrence as a remarkable 
accident, but if we looked through all the millions of pages the 
monkeys had turned off in untold millions of years, we might be 
sure of finding a Shakespeare sonnet somewhere amongst thein, the 
product of the blind play of chance. In the same way, millions of 
millions of stars wandering blindly through space for millions of 
millions of years are bound to meet with every kind of accident; a 
limited number are bound to meet with that special kind of accident 
which calls planetary systems into being. Yet calculation shows that 
the number of these can at most be very small in comparison with the 
total number of stars in the sky; planetary systems must be exceed- 
ingly rare objects in space. 

This rarity of planetary systems is important, because so far as we 
can see, life of the kind we know on earth could only originate on 
pknets like the earth. It needs suitable physical conditions for its 
appearance, the most important of which is a temperature at which 
substances can exist in the liquid state. 

‘ The stars themselves are disqualified by being far too hot.We may 
tlnnk of them as a vast collection of fires scattered throughout space, 
providing warmth in a climate wliich is at most some four degrees 
above absolute zero — about four hundred and eighty-four degrees 
of frost on our Fahrenheit scale — and is even lower in the vast stretches 
of space which lie out beyond the MilkyWay. Away from the fires 
there is this unimaginable cold of hundreds of degrees of frost; close 
up to them there is a temperature of thousands of degrees, at which 
all solids melt, all liquids boil. 

Life can only exist inside a narrow temperate zone which surrounds . 
each of these fires at a very definite distance. Outside these zones life 
would be frozen; inside, it would be shrivelled up. At a rough com- 
putation, these zones within which life is possible, all added togetlier, 
constitute less tlmii a thousand million millionth part of the whole of 
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Space. And even inside them, life must be of very rare occurrence, 
for it is so unusual an accident for suns to throw off planets as our 
own sun has done, that probably only about one star in 100,000 has 
a planet revolving round it in the small zone in which life is possible. 

Just for tliis reason it seems incredible that the universe can have 
been designed primarily to produce life like our own; had it been 
so, surely we might have expected to find a better proportion between 
the magnitude of the mechanism and the amount of the product. 
At first glance at least, life seems to be an utterly unimportant by- 
product; we living tilings are somehow off the main line. 

We do not know whether suitable physical conditions arc siiffident 
in themselves to produce life. One school of thought holds that as 
the earth gradually cooled, it was natural, and indeed almost inevi- 
table, that life should come. Another holds that after one accident 
had brought the eartli into being, a second was necessary to produce 
life. The material constituents of a living body arc perfectly ordinary 
chemical atoms — carbon, such as wc find in soot or lampblack; 
hydrogen and oxygen, such as we find in water; nitrogen, such as 
forms the greater part of the atmosphere; and so on. Every kind of 
atom necessary for life must have existed on the new-born earth. 
At intervals, a group of atoms might happen to arrange themselves 
in the way in which they are arranged in the living cell Indeed, given 
sufficient time, they would be certain to do so, just as certain as the 
six monkeys would be certain, given sufficient time, to type off a 
Shakespeare sonnet. But would they then be a living ceil? In other 
words, is a living cell merely a group of ordinary atoms arranged in 
some non-ordinary way, or is it something more? Is it merely atoms, 
or is it atoms plus life? Or, to put it in another way, could a suffi- 
ciently skilful chemist create life out of the necessary atoms, as a boy 
can create a machine out of ^'Mcccano/^ and then make Wc do 
not know the answer. When it comes it will give us some indication 
whether other worlds in space arc inhabited like ours, and so must 
have the greatest influence on our interpretation of the meaning of 
life — it may well produce a greater revolution of thought thzn 
Galileo's astronomy or Darwin's biology. 

We do, however, know that while living matter consists of quite 
ordinary atoms, it consists in the main of atoms which have a special 
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capacity for coagulating into extraordinary large bunches or “mole- 

culcs/’ 

Most atoms do not possess tliis property. The atoms of hydrogen 
and oxygen, for instance, may combine to form molecules of hydro- 
gen (H2 or H3), of oxygen or ozone (O2 or O3), of water (HgO), 
or of hydrogen peroxide (H2O2), but none of these compounds 
contains more than four atoms. The addition of nitrogen docs not 
greatly change the situation; the compounds of hydrogen, oxygen 
and nitrogen all contain comparatively few atoms. But the further 
addition of carbon completely transforms the picture; the atoms of 
hydrogen, oxygen, nitrogen and carbon combine to form molecules 
containing hundreds, thousands, and even tens of thousands, of 
atoms. It is of such molecules that living bodies arc mainly formed. 
Until a century ago it was commonly supposed that some “vital 
force” was necessary to produce these and the other substances which 
entered into the composition of the living body. Then Wohler pro- 
duced urea (CO(NH2)2), which is a typical animal product, in his 
laboratory, by the ordinary processes of chemical synthesis, and other 
constituents of the living body followed in due course. Today one 
phenomenon after another which was at one time attributed to “vital 
force” is being traced to the action of the ordinary processes of phy- 
sics and chemistry. Although the problem is still far from solution, 
it is becoming increasingly likely daat what specially distinguishes 
the matter of living bodies is the presence not of a “vital force,” but 
of the quite commonplace clement carbon, always in conjunction 
with other atoms with which it forms exceptionally large molecules; 

If this is so, life exists in the universe only because the carbon atom 
possesses certain exceptional properties. Perhaps carbon is rather note- 
worthy chemically as forming a sort of transition between the metals 
and non-metals, but so far nothing in the physical constitution of the 
carbon atom is known to account for its very special capacity for 
binding other atoms together. The carbon atom consists of six elec- 
trons revolving around the appropriate central nucleus, like six 
planets revolving around a central sun; it appears to differ from its 
two nearest neighbours in the table of chemical elements, the atoms 
of boron and nitrogen, only in having one electron more than the 
former and one electron fewer tlian the latter. Yet this slight dtfer- 
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ence must account in the last resort for aU the difference between 
life and absence of life. No doubt the reason why the six electron 
atom possesses these remarkable properties resides somewhere in the 
ultimate laws of nature, but mathematical physics has not yet 
fathomed it. 

Other similar cases arc known to chemistry. Magnetic phenomena 
appear in a tremendous degree in iron, and in a lesser degree in its 
neighbours, nickel and cobalt. The atoms of these elements have 26, 
27 and 28 electrons respectively. The magnetic properties of all other 
atoms are almost negligible in comparison. Somehow, then, although 
again mathematical physics has not yet unravelled how, magnetism 
depends on the peculiar properties of the 26, 27 and 28 electron 
atoms, especially the first. Radio-activity provides a third instance, 
being confined, with insignificant exceptions, to atoms having from 
83 to 92 electrons; again we do not know why. 

Thus chemistry can only tell us to place life in the same category 
as magnetism and radio-activity. The universe is built so as to operate 
according to certain laws. As a consequence of these laws, atoms 
having certain definite numbers of electrons, namely 6, 26 to 28, and 
83 to 92, have certain special properties, which show themselves in 
the phenomena of life, magnetism and radio-activity respectively. 
An omnipotent creator, subject to no limitation whatever, would 
not have been restricted to the laws which prevail in the present 
universe; he might have elected to build the universe to conform 
to any one of innumerable other sets of laws. If some other set of 
laws had been chosen, other special atoms might have had other 
special properties associated with them. Wc cannot say what, but 
it seems a priori unlikely that either radio-activity or magnetism or 
life would have figured amongst them. Chemistry suggests that, like 
magnetism and radio-activity, life may merely be an accidental con- 
sequence of the special set of laws by which the present universe is 
governed. 

Again the word “accidentaF" may be challenged. For wlmt if the 
creator of the universe selected one special set of laws just because 
tliey led to the appearance of life? What if thk were his way of 
creating life? So long as we think of the creator as a magnified man- 
like being, activated by feeUngs and interests like our own, the 
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challenge cannot be met, except perhaps by the remark that, when 
such a creator has once been postulated, no argument can add much 
to what has already been assumed. If, however, we dismiss every 
trace of anthropomorphism from our minds, there remains no reason 
for supposing that the present laws were specially selected in order 
to produce life. They are just as likely, for instance, to have been 
selected in order to produce magnetism or radio-activity — ^indeed 
more likely, since to all appearances physics plays an incomparably 
greater part in the universe than biology. Viewed from a strictly 
material standpoint, the utter insignificance of life would seem to go 
far towards dispelling any idea that it forms a special interest of the 
Great Architect of the universe. 

A trivial analogy may exhibit the situation in a clearer light. An 
unimaginative sailor, accustomed to tying knots, might think it 
would be impossible to cross the ocean if tying knots were impossible. 
Now the capacity for tying knots is limited to space of three dimen- 
sions; no knot can be tied in a space of 1, 2, 4, 5 or any other number 
of dimensions. From this fact our unimaginative sailor might reason 
that a beneficent creator must have had sailors under his special 
patronage, and have chosen that space should have three dimensions 
in order that tying knots and crossing the ocean should be possibi- 
lities in the universe he had created — ^in brief, space was of three 
dimensions so that there could be sailors. This and the argument 
outlined above seem to be much on a level, because life as a whole 
and the tying of knots are pretty much on a level in that neither of 
them forms more than an utterly insignificant fraction of the total 
activity of the material universe. 

So much for the surprising manner in which, so far as science can 
at present inform us, wc came into being. And our bewilderment is 
only increased when we attempt to pass from our origins to an 
understanding of the purpose of our existence, or to foresee the des- 
tiny which fate has in store for our race. 

Life of the kind we know can only exist under suitable conditions 
of light and heat; wc only exist ourselves because the earth receives 
the right amount of radiation from tire sun; upset the balance in either 
direction, of excess or defect, and life must disappear from the earth. 
And the essence of the situation is that the biance is easily upset 
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Primitive man, living in the temperate zone of the earth, must 
have watched the Ice Age descending on his home with something 
like terror; each year the glaciers came farther down into the valleys; 
each winter the sun seemed less able to provide the warmth needed 
for life. To him, as to us, the universe must have seemed hostile to 
life. 

We of these later days, living in the narrow temperate zone sur- 
rounding our sun and peering into the far future, sec an Ice Age of a 
different kind threatening us. Just as Tantalus, standing in a lake so 
deep that he only just escaped drowning, was yet destined to die of 
thirst, so it is the tragedy of our race that it is probably destined to 
die of cold, while the greater part of the substance of the universe 
still remains too hot for hfe to obtain a footing. The sun, having no 
extraneous supply of heat, must necessarily emit ever less and less of 
its life-giving radiation, and, as it docs so, the temperate zone of 
space, within which alone life can exist, must close in around it. To 
remain a possible abode of life, our earth would need to move in 
ever nearer and nearer to the dying sun. Yet, science tells us that, so 
far from its moving inwards, inexorable dynamical laws arc even 
now driving it ever farther away from the sun into the outer cold 
and darkness. And, so far as we can see, they must continue to do 
so until life is frozen off the earth, unless indeed some celestial colli- 
sion or cataclysm intervenes to destroy life even earlier by a more 
speedy death. This prospective fate is not peculiar to our earth; other 
suns must die like our owit, and any life there may be on other 
planets must meet the same inglorious end. 

Physics tells the same story as astronomy. For, independently of 
aU astrononucal considerations, the general physical principle known 
as the second law of thcrmo-dynamics predicts that there can be but 
one end to the universe — a ‘‘heat-death’'* in which the total energy 
of the universe is uniformly distributed, and all the substance of the 
universe is at the same temperature. This temperature will be so low 
as to make life impossible. It matters little by what particular road 
this final state is reached; all roads lead to Rome, and the end of the 
journey cannot be other than universal death. 

Is this, then, all that life amounts to — to stumble, almost by mis- 
take, into a universe wloich was clearly not designed for life, and 
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which, to all appearances, is either totally indifferent or definitely 
hostile to it, to stay clinging on to a fragment of a grain of sand until 
wc arc frozen off, to strut our tiny hour on our tiny stage with the 
knowledge that our aspirations are all doomed to final frustration, 
and that our achievements must perish with our race, leaving the 
universe as though we had never been? 

Astronomy suggests the question, but it is, I think, mainly to 
physics that we must turn for an answer. For astronomy can tell us 
of the present arrangement of the universe, of the vastness and vacuity 
of space, and of our own insignificance therein; it can even tell us 
something as to the nature of the changes produced by the passage 
of time. But we must probe deep into the fundamental nature of 
things before we can expect to find the answer to our question. 
And this is not the province of astronomy; rather we shall find that 
our quest takes us right into the heart of modern physical science. 



CHAPTER TWO 


THE NEW WORLD OF MODERN PHYSICS 

P RIMITIVE MAN must have found nature singularly puzzling and 
intricate. The simplest phenomena could be trusted to recur inde- 
finitely; an unsupported body invariably fell, a stone thrown into 
water sank, wliile a piece of wood floated. Yet other more compli- 
cated phenomena showed no such uniformity — the lightning struck 
one tree in the grove while its neighbour of similar growth and 
equal size escaped unharmed; one month the new moon brought 
fair weather, the next month foul. 

Confronted with a natural world wliich was to all appearances as 
capricious as himself, man s first impulse was to create Nature in his 
own image; he attributed the seemingly erratic and unordcred course 
of the universe to the whims and passions of gods, or of benevolent 
or malevolent lesser spirits. Only after much study did the great 
principle of causation emerge. In time it was found to dominate the 
whole of inanimate nature: a cause which could be completely iso- 
lated in its action was found invariably to produce the same eftbet. 
What happened at any instant did not depend on the volitions of 
extraneous beings, but followed inevitably by inexorable laws from 
the state of things at the preceding instant. And this state of things 
had in turn been inevitably determined by an earlier state, and so on 
indefinitely, so that the whole course of events had been unalterably 
determined by the state in which the world found itself at the first 
instant of its history; once this had been fixed, nature could move 
only along one road to a predestined end. In brief, the act of 
creation had created not only the universe but its whole future his- 
tory. Man, it is true, still believed that he himself was able to affect 
the course of events by his own volition, although in this he was 
guided by instinct rather than by logic, science, or experience, but 
henceforth the law of causation took charge of all such events as he 
had previously assigned to the actions of supernatural beings. 

The final establishment of this law as the primary guiding prin- 
ciple in nature was the triumph of the seventeenth century, the great 
century of GaWco and Newton. Apparitions in the sky were shown 

10 
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to result merely from the universal laws of optics; comets, which had 
hitherto been regarded as portents of the fall of empires or the death 
of kings, were proved to have their motions prescribed by the 
universal law of gravitation. “And,” wrote Newton, “would that 
the rest of the phenomena of nature could be deduced by a like kind 
of reasoning from mechanical principles.” 

Out of tliis resulted a movement to interpret the whole material 
universe as a machine, a movement which steadily gained force until 
its culmination in the latter half of the nineteenth century. It was 
then that Helmholtz declared that “the final aim of all natural science 
is to resolve itself into mechanics,” and Lord Kelvin confessed that 
he could understand nothing of which he could not make a mecha- 
nical model. He, like many of the great scientists of the nineteenth 
century, stood high in the engineering profession; many others could 
have done so had they tried. It was the age of the engineer-scientist, 
whose primary ambition was to make mechanical models of the 
whole of nature. Waterston, MarweU and others had explained the 
properties of a gas as machine-like properties with great success; the 
machine consisted of a vast multitude of tiny round, smooth spheres, 
harder than the hardest steel, flying about like a hail of bullets on a 
battlefield. The pressure of a gas, for instance, was caused by the 
impact of the speedily flying bullets; it was hke the pressure which 
a hailstorm exerts on the roof of a tent. When sound was transmitted 
through a gas, these bullets were the messengers. Similar attempts 
were made to explain the properties of liquids and soHds as macliine- 
like properties, although with considerably less success, and also on 
light and gravitation — with no success at a.11. Yet this want of success 
failed to shake the belief that the universe must in the last resort 
admit of a purely mechanical interpretation. It was felt that only 
greater efforts were needed, and the whole of inanimate nature would 
at last stand revealed as a perfectly acting machine. 

All this had an obvious bearing on the interpretation of human 
life. Each extension of the law of causation, and each success of the 
mechanicaIintcrprctationofnature,madethebeliefinfree will more 
difficult. For if all nature obeyed the law of causation, why should 
Hfe be exempt? Out of such considerations arose the mechanistic 
philosophies of the scvcntcendi and eighteenth centuries, and their 
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natural reactions, the idealist philosophies which succeeded them. 
Science appeared to favour a mechanistic view which saw the whole 
material world as a vast machine. By contrast, the idealistic view 
(p. 95 below) attempted to regard the world as the creation of 
thought and so as consisting of thought. 

Until early in the nineteenth century it was still compatible with 
scientific knowledge to regard life as something standing entirely 
apart from inanimate nature. Then came the discovery that living 
cells were formed of precisely the same chemical atoms as non-living 
matter, and so were presumably governed by the same natural laws. 
This led to the question why the particular atoms of wliich our bodies 
and brains were formed should be exempt from the laws of causation. 
It began to be not only conjectured, but even fiercely maintained, 
that life itself must, in the last resort, prove to be purely mechanical 
in its nature. The mind of a Newton, a Bach or a Michelangelo, it 
was said, differed only in complexity from a printing press, a wliistle 
or a steam saw; their whole function was to respond exactly to the 
stimuli they received from without. Because such a creed left no 
room for the operation of choice and free will, it removed ail basis 
for morality. Paul did not choose to be different from Saul; he could 
not help being different; he was affected by a different set of external 
stimuli. 

An almost kaleidoscopic re-arrangement of scientific thought 
came with the change of century. The early scientists were only able 
to study matter in chunks large enough to be directly apprehended 
by the unaided senses; the tiniest piece of matter with which tlicy 
could experiment contained millions of millions of molecules. Pieces 
of this size undoubtedly behaved in a mechanical way, but this pro- 
vided no guarantee that single molecules would behave in the same 
way; everyone knows the vast difference between the behaviour of 
a crowd and that of the individuals that compose it. 

At the end of the nineteenth century it first became possible to 
study the behaviour of single molecules, atoms and electrons. The 
century had lasted just long enough for science to discover that cer- 
tain phenomena, radiation and gravitation in particular, defied all 
attempts at a purely mechanical explanation. While philosophers 
were still debating whether a machine could be constructed to repro 



THE NEW WORLD OF MODERN PHYSICS 13 

duce the thoughts of Newton, the emotions of Bach or the inspiration 
of Michelangelo, the average man of science was rapidly becoming 
convinced that no machine could be constructed to reproduce the 
light of a candle or the fall of an apple. Then, in the closing months 
of the century, Professor Max Planck, of Berlin, brought forward a 
tentative explanation of certain phenomena of radiation which had 
so far completely defied interpretation. Not only was his explanation 
non-mechanical in its nature; it seemed impossible to connect it up 
with any mechanical line of thought. Largely for this reason, it was 
criticized, attacked and even ridiculed. But it proved brilliantly 
successful, and ultimately developed into the modern “quantum 
theory,’’ which forms one of the great dominating principles of 
modem physics. Also, although this was not apparent at the time, 
it marked the end of the mechanical age in science, and the opening 
of a new era. 

In its earliest form, Planck’s theory hardly went beyond suggest- 
ing that the course of nature proceeded by tiny jumps and jerks, like 
the hands of a clock. Yet, although it does not advance continuously, 
a clock is purely mechanical in its ultimate nature, and follows the 
law of causation absolutely. Einstein showed in 1917 that the theory 
founded by Planck appeared, at first sight at least, to entail conse- 
quences far more revolutionary than mere discontinuity. It appeared 
to dethrone the law of causation from the position it had heretofore 
held as guiding the course of the natural world. The old science had 
confidently proclaimed that nature could follow only one road, the 
road which was mapped out from the beginning of time to its end 
by the continuous chain of cause and ejffect; state A was inevitably 
succeeded by state B, So far the new science has only been able to 
say that state A may be followed by state B or C or D or by innu- 
merable other states. It can, it is true, say tliat B is more likely than 
Q C than D, and so on; it can even specify the relative probabilities 
of states J3, C and D. But, just because it has to speak in terms of 
probabilities, it cannot predict with certainty wliich state will follow 
which; this is a matter which lies on the knees of the gods — ^whatever 
gods there be. 

A concrete example will explain diis more clearly. It is known 
that the atoms of radium, and of other radio-active substances, dis- 
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integrate into atoms of lead and helium with the mere passage of 
time, so that a mass of radium continually diminishes in amount, 
being replaced by lead and helium. The law which governs the rate 
of diminution is very remarkable. The amount of radium decreases 
in precisely the same way as a population would if there were no 
births, and a uniform death-rate which was the same for every 
individual, regardless of his age. Or again, it decreases in the same way 
as the numbers of a battalion of soldiers who arc exposed to absolutely 
random undirected fire. In brief, old age appears to mean nothing 
to the individual radium atom; it does not die because it has lived 
its life, but rather because in some way fate knocks at the door. 

To take a concrete illustration, suppose that our room contains 
two thousand atoms of radium. Science cannot say how many of 
these will survive after a year’s time, it can only tell us the relative 
odds in favour of the number being 2,000, 1,999, 1,998, and so on. 
Actually the most likely event is that the number will be 1,999; the 
probabilities are in favour of one, and only one, of the 2,000 atoms 
breaking up within the next year. 

We do not know in what way this particular atom is selected out 
of the 2,000. We may at first feel tempted to conjecture it will be 
the atom that gets knocked about most or gets into the hottest places, 
or what not, in the coming year. Yet this cannot be, for if blows or 
heat could disintegrate one atom, they could disintegrate the other 
1,999, and we should be able to expedite the disintegration of radium 
merely by compressing it or heating it up. Every physicist believes 
this to be impossible; he rather believes that every year fate knocks 
at the door of one radium atom in every 2,000, and compels it to 
break up; this is the hypothesis of “‘spontaneous disintegratiorf ’ 
advanced by Rutherford and Soddy in 1903. 

History, of course, may repeat itself, and once again an apparent 
capriciousness in nature may be found, in the light of fuller know- 
ledge, to arise out of the inevitable operation of the law of cause and 
effect. When we speak in terms of probabilities in ordinary life, we 
merely show that our knowledge is incomplete; we may say it 
appears probable that it will rain tomorrow, while the meteorological 
expert, knowing tliat a deep depression is coming eastward from 
the Atlantic, can say with confidence tliat it will be wet We may 
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Speak of the odds on a horse, while the owner knows it has broken 
its leg. In the same way, the appeal of the new physics to probabili- 
ties may merely cloak its ignorance of the true mechanism 
of nature. 

An illustration will suggest how tliis might be. Early in the present 
century, McLennan, Rutherford and others detected in the earth’s 
atmosphere a new type of radiation, distinguished by its extremely 
high powers of penetrating solid matter. Ordinary light will pene- 
trate only a fraction of an inch through opaque matter; we can shield 
our faces from the rays of the sun with a sheet of paper, or an even 
thinner screen of metal. The X-rays have a far greater penetrating 
power; they can be made to pass through our hands, or even our 
whole bodies, so that the surgeon can photograph our bones. Yet 
metal of the thickness of a coin stops them completely. But the 
radiation discovered by McLennan and Rutherford could penetrate 
through several yards of lead or other dense metal. 

We now know that a large part of this radiation, generally des- 
cribed as “cosmic radiation,” has its origin in outer space. It falls 
on the earth in large quantities, and its powers of destruction are 
immense. Every second it breaks up about twenty atoms in every 
cubic inch of our atmosphere, and millions of atoms in each of our 
bodies. It has been suggested that this radiation, falling on germ- 
plasm, may produce the spasmodic biological variations which the 
j modem theory of evolution demands; it may have been cosmic 
radiation that turned monkeys into men. 

In the same way, it was at one time coiyectured that the falling of 
bosmic radiation on radio-active atoms might be the cause of their 
disintegration. The rays fell like fate, striking now one atom and 
now another, so that the atoms succumbed like soldiers exposed to 
random fire, and the law which governed their rate of disappearance 
was explained. This conjecture was disproved by the simple device 
of taking radio-active matter down a coal mine. It was now com- 
pletely shielded from the cosmic rays, but continued to disintegrate 
at the same rate as before. 

This hypothesis failed, but probably many physicists expect that 
some other physical agency may yet be found to act the role of fate 
in radio-active disintegration. The death-rate of atoms would obvi- 
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oiisly then be proportional to the strength of this agency* But other 
similar phenomena present far greater difficulties. 

Amongst these is the familiar phenomenon of the emission of light 
by an ordinary electric light bulb. The essentials are that a hot fila- 
ment receives energy from a dynamo and discharges it as radiation. 
Inside the filament, the electrons of millions of atoms arc whirling 
round in their orbits, every now and then jumping, suddenly and 
almost discontinuously, from one orbit to another, sometimes emit- 
ting, and sometimes absorbing, radiation in the process. In 1917, Ein- 
stein investigated what may be described as the statistics of these 
jumps. Some are of course caused by the radiation itself and the heat 
of the filament. But these are not enough to account for the whole of 
the radiation emitted by the filament. Einstein found that there must 
be other jumps as well, and that these must occur spontaneously, like 
the disintegration of the radium atom. In brief, it appears as though 
fate must be invoked here also. Now if some ordinary physical agency 
played the part of fate in this case, its strength ought to affect the in- 
tensity of the emission of radiation by the filament. But, so far as wc 
know, the intensity of the radiation depends only on known con- 
stants of nature, wliich are the same here as in the remotest stars. And 
this seems to leave no room for the intervention of an external agency. 

Wc can perhaps form some sort of a picture of the nature of these 
spontaneous disintegrations or jumps, by comparing the atom to a 
party of four card players who agree to break up as soon as a hand is 
dealt ill which each player receives just one complete suit. A room 
containing millions of such parties may be taken to represent a mass 
of radio-active substance. Then it can be shewn that the number of 
card parties will decrease according to the exact law of radio-active 
decay on one condition — that the cards are well shuffled hetween each 
deal If there is adequate shufHing of the cards, the passage of time and 
the past will mean nothing to the card players, for die situation is 
bom afresh each time the cards arc shuffled. Thus the death-rate per 
thousand will be constant, as with atoms of radium. But if the cards 
arc merely taken up after each deal, without shuffling, each deal fol- 
lows inevitably from the preceding, and we have the analogue of the 
old law of causation. Here the rate of diminution in the number of 
players would be different from that actually observed in radio-active 
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disintegration. We can only reproduce tliis by supposing the cards 
to be continually shuffled, and the shuffler is he whom we have called 
fate. 

Thus, although we are still far from any positive knowledge, it 
seems possible that there may be some factor, for which we have so 
far found no better name than fate, operating in nature to neutralize 
the cast-iron inevitability of the old law of causation. The future may 
not be as unalterably determined by the past as we used to think; in 
part at least it may rest on the knees of whatever gods there be. 

Many other considerations point in the same direction. For in- 
stance, Professor Heisenberg has shown that the concepts of the 
modern quantum theory involve what he calls a ‘‘principle of inde- 
terminacy.’’ We have long thought of the workings of nature as ex- 
emplifying the acme of precision. Our man-made machines are, we 
know, imperfect and inaccurate, but we have cherished a belief that 
the innermost workings of the atom would exemplify absolute ac- 
curacy and precision. Yet Heisenberg now makes it appear that nature 
abhors accuracy and precision above all things. 

According to the old science, the state of a particle, such as an elec- 
tron, was completely specified when we knew its position in space at 
a single instant and its speed of motion through space at the same 
instant. These data, together with a knowledge of any forces which 
might act on it from outside, determined the whole future of the 
electron. If these data were given for all die particles in the universe, 
the whole future of the universe could be predicted. 

The new science, as interpreted by Heisenberg, asserts that these 
data are, from the nature of things, miprocurable. If we know that 
an electron is at a certain point in space, we caimot specify exactly 
the speed with which it is moving — ^nature permits a certain “mar- 
gin of error,” and if we try to get within this margin, nature will 
give us no help: she knows nothing, apparendy, of absolutely exact 
measurements. In the same way, if we know the exact speed of 
motion of an electron, nature refuses to let us discover its exact posi- 
tion in space. It is as though the position and motion of the electron 
had been marked on the two different faces of a lantern slide. If we 
put the slide in a bad lantern, we can focus half way between the two 
faces, and shall see both the position and motion of the electron toler- 
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ably clearly. With a perfect lantern, we could not do this; the more 
we focused on one, the more blurred the other would become. 

The imperfect lantern is the old science. It gave us the illusion that, 
if only we had a perfect lantern, we should be able to dcterniinc both 
the position and motion of a particle at a given instant with perfect 
sharpness, and it was this illusion that introduced determinism into 
science. But now that we have the more perfect lantern in the new 
science, it merely shows us that the specifications of position and 
motion He in two dijffercnt planes of reality, which caimot be brought 
simultaneously into sharp focus. In so doing, it cuts away the ground 
on wliich the old determinism was based. 

Or again, to take another analogy, it is almost as though the joints 
of the universe had somehow worked loose, as though its mechan- 
ism had developed a certain amount of “play,’' such as we find in a 
well-worn engine. Yet the analogy is misleading if it suggests that 
the universe is in any way worn out or imperfect. In an old or ;Worn 
engine, the degree of “play” or “loose jointedness” varies from point 
to point; in the natural world it is measured by the mysterious quan- 
tity known as “Planck’s constant /i,” which proves to be absolutely 
uniform throughout the universe. Its value, both in the laboratory 
and in the stars, can be measured in innumerable ways, and always 
proves to be precisely the same. Yet the fact that “loose jointcdiicss,” 
of any type whatever, pervades the whole universe destroys the case 
for absolutely strict causation, this latter being the characteristic of 
perfectly fitting machinery. 

The uncertainty to which Heisenberg has called attention is parti- 
ally, but not whoUy, of a subjective nature. The fact that wc cannot 
specify the position and speed of an electron with absolute precision 
arises in part from the clumsiness of the apparatus with which wc 
work— just as a man cannot weigh himself with absolute accuracy if 
he has no weight less than a pound at Ins disposal The smallest unit 
known to science is an electron, so tliat no smaller unit can possibly 
be at die disposal of the physicist. In actual fact, it is not the finite 
size of this unit that is the immediate cause of the trouble, so much 
as that of the mysterious unit h introduced by Planck’s quantum 
theory. This measures the size of the “jerks” by which nature movcsi 
and so long as these jerks arc of finite size, it is as impossible to make 
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exact measurements as to weigh oneself exactly on a balance which 
can only move by jerks. 

This subjective uncertainty has, however, no bearing on the prob- 
lems of radio-activity and radiation discussed on pages 14 and 16. 
And there are many other phenomena of nature, too numerous even 
to enumerate here, which cannot be included in any consistent scheme 
unless the conception of indeterminacy is introduced somewhere and 
somehow. 

These and other considerations to which we shall return below 
(pp. 25, 82) have led many physicists to suppose that there is no 
determinism in events in which atoms and electrons are involved 
singly, and that the apparent determinism in large-scale events is only 
of a statistical nature. Dirac describes the situation as follows: — 

When* an observation is made on any atomic system, in a given state . . . the 
result will not in general be determinate, i.e., if the experiment is repeated 
several times under identical conditions, several different results may be 
obtained. If the experiment is repeated a large number of times, it will be found 
that each particular result will be obtained a definite fraction of the total 
number of times, so that one can say there is a definite probability of its being 
obtained any time the experiment is performed. This probability the theory 
enables one to calculate. In special cases, the probability may be unity, and 
the result of the experiment is then quite determinate. 

In Other words, when we are dealing with atoms and electrons in 
crowds, the mathematical law of averages imposes the determinism 
which physical laws have failed to provide. 

Wc can illustrate the concept by an analogous situation in the large- 
scale world. If we spin a halfpenny, nothing within our knowledge 
may be able to decide whether it will come down heads or tails, yet 
if wc throw up a million tons of halfpence, we know there will be 
500,000 tons of heads and 500,000 tons of tails. The experiment may 
be repeated time after time, and will always give the same result. We 
may be tempted to instance it as evidence of the uniformity of nature, 
and to infer the action of an underlying law of causation: in actual 
fact it is an instance only of the operation of the purely mathematical 
jaws of chance. 

Yet the number of halfpence in a million tons is nothing in com- 
parison with the number of atoms in even the smallest piece of mat- 

M.S.T. — B 
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ter with wliicli the earlier physicists could experiment. It is easy to 
see how tlie illusion of determinacy— if it is an illusion— crept into 
science. 

We have stiU no definite knowledge on any of these problems. A 
number, although I think a rapidly diminishing number, of physi- 
cists still expect tliat in some way the law of strict causation will in the 
end be restored to its old place in the natural world, but the recent 
trend of scientific progress gives them no encouragement. At any 
rate, the concept of strict causation finds no place in the picture of 
the universe which the new physics presents to us, with the result 
that this picture contains more roonr than did the old mechanical 
picture for life and consciousness to exist within the picture itself, 
together with the attributes which we commonly a.ssociate with 
them, such as free will, and the capacity to make the universe in some 
small degree different by our presence. For, for aught we know, or 
for aught that the new science can say to the contrary, the gods wliich 
play the part of fate to the atoms of our brains may be our own 
minds. Through these atoms our minds may perchance affect the 
motions of our bodies and so the state of die world around us. Today 
science can no longer shut the door on this possibility; she has no 
longer any unanswerable arguments to bring against our innate con- 
viction of free will. On the other hand, she gives no hint as to what 
absence of determinism or causation may mean. If we, and nature in 
general, do not respond in a unique way to external stimuli, what 
determines the course of events? If anything at all, wc arc thrown 
back on determinism and causation; if nothing at all, how can any- 
thing ever occur? 

As I sec it, wc are unMkely to reach, any ilcfiiiite conclusions on 
tihese <juestions until we have a better understanding of the true nature 
of time. The fundamental laws of nature, in so far as wc arc at present 
acquainted with them, give no reason why time should iow steadily 
oh: they are equally prepared to consider the possibility of time stand- 
ing still or flowing backwards. The steady onward flow of time, 
which is the essence of the cause-effect relation, is something which 
wc superpose on to the ascertained laws of nature out of our own 
experience; whether or not it is inherent in the mture of time, we 
simply do not know, although, as wc shall see shortly, the theory of 
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relativity goes at any, rate some distance towards stigmatizing this 
steady onward flow of time and the cause-effect relation as illusions; 
it regards time merely as a fourth dimension to be added to the three 
dimensions of space, so that post hoc ergo propter hoc may be no more 
true of a sequence of happenings in time than it is of the sequence of 
telegraph poles along the Great North Road. 

It is always the puzzle of the nature of time that brings our thoughts 
to a standstill. And if time is so fundamental that an understanding of 
its true nature is for ever beyond our reach, then so also in aU proba- 
bility is a decision in the age-long controversy between determinism 
and free will. 

The possible abolition of determinism and the law of causation 
from physics are, however, comparatively recent developments in 
the history of the quantum theory. The primary object of the theory 
was to explain certain phenomena of radiation, and to understand 
the question at issue we must retrace our steps as far back as Newton 
and the seventeenth century. 

The most obvious fact about a ray of light, at any rate to superficial 
observation, is its tendency to travel in a straight Hne; every one is 
familiar with the straight edges of a sunbeam in a dusty room. As a 
rapidly moving particle of matter also tends to travel in a straight 
line, the early scientists, rather naturally, thought of light as a stream 
of particles thrown out from a luminous source, like shot from a gim. 
Newton adopted this view, and added precision to it in his “corpus- 
cular theory of light.” 

Yet it is a matter of common observation that a ray of light does 
not always travel in a straight line. It can be abruptly turned by re- 
flection, such as occurs wflen it falls on the surface of a mirror. Or 
its path may be bent by refraction, such as occurs when it enters 
water or any liquid medium; it is refraction that makes our oar look 
broken at the point where it enters the water, and makes the river 
look shallower than, it proves to be when we step into it. Even in 
Newton’s time the laws whicb governed these phenomena were well 
known. In the case of reflection the angle at which the ray of light 
struck the mirror was exactly the same as that at which it came off" 
after reflection; in other words, light bounces oflf a mirror like a ten- 
nis ball bouncing off" a perfectly hard tennis court. In the case of re- 
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fraction, the sine of the angle of incidence stood in a constant ratio to 
the sine of the angle of refraction. We find Newton at pains to show 
that his light-corpuscles would move in accordance w'ith these laws, 
if they were subjected to certain definite forces at the surfaces of a 
mirror or a refracting liquid. Here are Propositions xciv and xcvi of 
the Prindpia : — 


PKOPOSITION XCIV 

If two similar mediums be separated from each other by a space termiuated 
on both sides by parallel planes, and a body in its passage through that space 
be attracted or impelled perpendicularly towards either of those mediums, and 
not agitated or hindered by any other force; and the attraction be everywhere 
the same at equal distances from either plane, taken towards the same hand of 
the plane; I say, that the sine of incidence upon cither plane will be to the sine 
of emergence from the other plane in a given ratio. 

PROPOSITION XCVI 

The same things being supposed, and that the motion before incidence is 
swifter than afterwards; I say, that if the line of incidence be inclined continu- 
ally, the body will be at last reflected, and the angle of reflection will be equal 
to the angle of incidence. 

Newton’s corpuscular theory met its doom in the fact that when 
a ray of light falls on the surface of water, only part of it is refracted. 
The remainder is reflected, and it is this latter part that produces the 
ordinary reflections of objects in a lake, or the ripple of moonlight 
on the sea. It was objected that Newton’s theory failed to account for 
this reflection, for if light had consisted of corpuscles, die forces at 
the surface of the water ought to have treated all corpuscles alike; 
when one corpuscle was refracted all ought to be, and this left water 
with no power to reflect the sun, moon or stars. Newton tried to 
obviate this objccdon by attributing “alternate fits of transmission 
and reflection” to the surface of the water— the corpuscle which fell 
on the surface at one instant was admitted, but the next instant die 
gates were shut, and its companion was turned away to form re- 
flected light. This concept was strangely and strikingly anticipatory 
of mbdem quantum theory in its abandonment of the umformity of 
nature and its replacement of determinism by probabiliries, but it 
failed to carry conviction at die time. 
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And, in any case, the corpuscular theory was confronted by other 
and graver difficulties. When studied in sufficiently minute detail, 
light is not found to travel in such absolutely straight lines as to sug- 
gest the motions of particles. A big object, such as a house or a moun- 
tain, throws a definite shadow, and so gives as good protection from 
the glare of the sun as it would from a shower of bullets. But a tiny 
object, such as a very thin wire, hair or fibre, throws no such shadow. 
When we hold it in front of a screen, no part of the screen remains 
unilluminated. In some way the light contrives to bend round it, and, 
instead of a definite shadow, we see an alternation of light and com- 
paratively dark parallel bands, known as “interference bands.’’ To 
take another instance, a large circular hole in a screen lets through a 
circular patch of light. But make the hole as small as the smallest of 
pinlioles, and the pattern thrown on a screen beyond is not a tiny 
circular patch of light, but a far larger pattern of concentric rings, in 
which light and dark rings alternate — “diffraction rings.” Fig. 1 of 
Frontispiece, Plate II shows the pattern obtained by allowing a beam 
of light to pass through a pinhole on to a photograpliic plate. All the 
light which is more than a pinhole’s radius from the centre has in 
some way bent round the edge of the hole. 

Newton regarded these phenomena as evidence that his “light- 
corpuscles” were attracted by solid matter. He wrote: — 

The rays of light that are in our air, in their passage near the angles of bodies, 
whether transparent or opaque (such as the circular and rectangular edges of 
coins, or of knives, or broken pieces of stone or glass), are bent or inflected 
round those bodies, as if they were attracted to them; and those rays which in 
their passage came nearest to the bodies are the most inflected, as if they were 
most attracted. 

Here again Newton was strangely anticipatory of present-day 
science, his supposed forces being closely analogous to the “quan- 
tum forces” of the modem wave-mechanics. But they failed to give 
any detailed explanation of diffraction-phenomena, and so met with 
no favour. 

In time, all these and similar phenomena were adequately ex- 
plained by supposing that light consists of waves, somewhat similar 
to those which the wind blows up on the sea, except that, instead of 
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each wave being many yards long, many thousands of waves go to 
a single inch. Waves of light bend round a small obstacle in exactly 
the way in which waves of the sea bend round a small rock. A rocky 
reef miles long gives almost perfect shelter from the sea, but a small 
rock gives no such protection — the waves pass round it on either 
side, and re-unite behind it, just as waves of light rc-unitc behind our 
thin hair or fibre. In the same way sea waves which fall on the 
entrance to a harbour do not travel in a straight line across the har- 
bour but bend round the edges of the breakwater, and make the 
whole surface of the water in the harbour rough. Fig. 1 of Frontis- 
piece, Plate II shows tlie “roughness” beyond a pinhole produced by 
waves of light which have bent round tlie edges of die pinhole like 
sea waves bending round a breakwater. The seventeenth century re- 
garded light as a shower of particles, the eighteenth century, dis- 
covering that this was inadequate to account for small-scale phe- 
nomena such as we have just described, replaced the showers of 
particles by trains of waves. 

Yet the replacement brought its own difficulties widi it. When 
sunlight is passed through a prism, it is broken up into a rainbow- 
like “spectrum” of colours— red, orange, yellow, green, blue, indigo 
and violet. If light consisted of waves like the waves of the sea, it can 
be shown that all the light of the analysed sunlight ought to be found 
at the extreme violet end of die spectrum. Not only so, but extreme 
violet waves have an imlimited capacity for absorliing energy, and 
as they have their mouths permanently wide open, all the energy of 
the universe would rapidly pass into the form of violet, or ultra- 
violet, radiation travelling through space. 

The “quantum theory” came into being as an effort to cure die 
wave dieory of light of these defects. It has been completely success- 
ful. It has shown that Newton was not wholly wrong in regarding 
light as corpuscular, for it has proved diat a beam of light may be 
regarded as broken up into discrete units, called “light-quanta” or 
“photons,”, with almost die definiteness with which a shower of rain 
may be broken up into drops of water, a shower of bullets into separ- 
ate pieces of lead, or a gas into sep«ate molecules. 

At the same time, die light docs not lose its undulatory chartcter. 
Each little parcel of light has a definite quantity, of the nature of a 
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length, associated with it. We call this its “wave length,” because 
when the light in question is passed through a prism, it behaves 
exactly as waves of this particular length of wave would do. Light 
of long wave length is made up of small parcels, and vice versa, the 
amount of energy in each parcel being inversely proportional to this 
wave length, so that we can always calculate the energy of a photon 
from its wave length, and vice versa. 

It is impossible even to summarize the great mass of evidence 
on which these concepts are based. It all, absolutely without excep- 
tion, indicates that hght travels through laboratory apparatus in un- 
broken photons; no observation yet made has revealed the existence 
of a fraction of a photon, or given any reason for suspecting that such 
a thing can exist. Two examples may typify the whole. 

Radiation may, under suitable conditions, break up the atoms on 
which it falls. A study of the shattered atoms discloses how much 
energy has been let loose on each to do the work of breaking it up. 
Invariably the energy proves to be exactly that of a complete photon, 
as calculated from its known wave length. It is as though an army of 
light had come into conflict with an army of matter. It has long been 
known that the latter army consists of individual soldiers, the atoms; 
it now appears that the former also consists of individual soldiers, the 
photons, a study of the battlefield showing that the conflict has con- 
sisted of individual man-to-man encounters. 

As a second example, Professor Compton of Chicago has recently 
studied what happens when X-radiatipn falls on electrons. He finds 
that the radiation is scattered exactly as though it consisted of material 
particles of light, or photons, moving as separate detached units, this 
time like bullets on a battlefield, and hitting all electrons which stand 
in their way. The extent to which individual photons are deflected 
from their courses at these collisions makes it possible to calculate the 
energy of the photons, and again this is found to agree exactly with 
that calculated from their wave length. 

This concept of indivisible photons again leads us back to inde- 
terminacy. There are various methods of sphtting up a beam of light 
into two parts wloich follow different paths. When the beam is re- 
duced to a single photon, it must follow either one path or the other; 
it cannot distribute itself over both because the photon is indivisible. 
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And its choice of path proves to be a matter tif probability, not of 
dctcnninacy. 

In this way it appears that the seventeenth century, which regarded 
light as jnere particles, and the ninetccntli century, which regarded 
it as mere waves, were both wrong— or, if we prefer, both' right. 
Light, and indeed radiation of all kinds, is botli particles and waves 
at the same time. In Professor Compton’s c.vperiments, X-radiation 
falls on single electrons and behaves like a shower of discrete parti- 
cles; in the experiments of Lane, Bragg and others, exactly similar 
radiation falls on a solid crystal and behaves in all respects like a suc- 
cession of waves. And it is the same throughout nature; the satne 
radiation can simulate both particles and waves at the same time. 
Now it behaves like particles, now like waves; no general principle 
yet known can tell us what behaviour it will choose in any particular 
instance. 

Clearly we can only preserve our belief in the uniformity of nature 
by making the supposition that particles and waves arc in essence the 
same thing. And this brings us to the second, and far more exciting, 
half of our story. The first half, which has just been told, is that radia- 
tion can appear now as waves and now as particles; the second is that 
electrons and protons, the fundamental units of which all matter is 
composed (p, 34), can also appear now as particles, and now as 
waves. A duality has recently been discovered in the nature of elec- 
trons and protonssimilar to that already known to exist in the nature of 
radiation; these aisoappearto be particles and waves at the same time. 

When Newton’s corpuscular theory of light first gave place to the 
undulatory theory, it became necessary to explain how a succession 
of waves could simulate the behaviour of a shower of particles, and 
move in a straight line except where it was deflected from its courac 
by reflection or refraction. For if the sunbeam let in tlirough a crack 
in the shutter consisted of waves, it was natural to expect that they 
would spread through the whole of the room, just as a ripple spreads 
over the whole surface of a pond, or as the very n.irrow beam which 
Im passed through a pinhole has spread out in Fig. 1 of Fmnispieee, 
Plate 11. Yet Young and Fresnel showed tliar an undisturbed succes- 
sion of waves of sufficient width would move as a beam, witliout 
appreciable sideways spread— like a shower of freely moving parti- 
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cles — and would be reflected from a mirror in the same way in wliicli 
a projectile bounces off a perfectly hard surface. It was also shown 
that such a system of waves would be refracted according to the 
known laws of refraction of light. Finally, if such a system of waves 
travelled through a medium whose refracting power changed con- 
tinuously, its path would be similar to that of a particle which was 
made to deviate from a straight path by continuously acting forces. 
Indeed the two paths could be made identical by taking the force at 
every point proportional to the change in the square of the refractive 
index. This explained the success of Newton’s Propositions xciv and 
xcvi which we have quoted on page 22. 

Thus whatever the particles of Newton’s corpuscular theory could 
do, a succession of waves could do the same. But, just because of 
their greater complexity, they were able to do more, and in every 
case in which the particles failed to simulate the behaviour of light, 
it was found that a system of waves could fill the part completely. 
In this way Newton’s supposed particles became resolved into sys- 
tems of waves. 

The last few years have seen the particles of which ordinary mat- 
ter is formed — ^i.e., protons and electrons — ^resolved into systems of 
waves in a somewhat similar way. In many circumstances, the be- 
haviour of an electron or proton is found to be too complex to per- 
mit of explanation as the motion of a mere particle; Louis de Broglie, 
Schrodinger and others have accordingly tried to interpret it as the 
behaviour of a group of waves and, in so doing, have founded the 
branch of mathematical physics which is now known as “Wave- 
Mechanics.” 

If we watch an ordinary tennis ball bouncing off the surface of a 
perfectly hard tennis court, we shall find that its motion is the same 
as that of a beam of light reflected at the surface of a mirror, so that 
we may properly speak of the ball as being “reflected” from the sur- 
face of the court. But there is not much gained by the discovery. No 
doubt it would permit us to interpret a tennis ball as a system of 
waves if we desired to do so, but we do not; for one thing we can 
see, or think we can see, that a tennis ball is not a system of waves. 

The case would be different if the moving object were not a teimis 
ball but an electron. If the motion of an electron bouncing off a sur- 

M.S.T. 
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face were observed to be like that of a system of waves, notliing 
could preclude the possibility of the electron being a system of waves. 
No one can now say “This does not interest me-—! can sec the elec- 
tron, and it clearly is not a system of waves,” for no one has ever 
seen an electron, or has tlie remotest conception as to what it would 
look like. We arc just as free a priori to con.sidcr an electron as a sys- 
tem of waves, as to consider Newton’s light-corpuscles as systems of 
waves. And to find out whether an electron really is a system of 
waves, we must turn to phenomena in which a hard particle and a 
system of waves would behave differently. 

Now the phenomena in which the electron did not behave at all 
as it was expected to, so long as it was regarded as a particle, provide 
precisely the group of phenomena we want, and in every ease the 
electron is found to behave exaedy like a system of w'avcs. One par- 
ticubr phenomenon is that of a shower of electrons bouncing off a 
metal plate; they do not bounce off like a shower of hail-stoncs or 
tennis balls, but produce a diffraction pattern (p. 23) as a system of 
waves would do (see Frontispiece, Plate II, Fig. 3). And it is the same 
when die shower of electrons is shot through a tiny aperture; they 
spread laterally and produce a diffraction pattern very similar to that 
produced by waves of light (see Frontispiece; Plate 11, Figs. 1 and 2). 
This does not of course prove that an electron actually consists of 
waves, but it raises the question whether a system of waves does not 
provide a better picture of the electron dun the hard particle. Actu- 
ally a system of waves provides a picture which has never yet failed 
to predict the behaviour of the electron, while the conception of an 
electron as a hard particle has failed on innumerable occasions. 

The new wavc-mcchanics shows diat a moving electron or proton 
ought to behave like a system of waves of quite definite wave length; 
this depends on the mass of the moving particle, and on its speed of 
motion, but on nothing else. And the wave lengths it »signs to elec- 
trons and protons moving under ordinary laboratory conditions are 
such as be casUy measured with ordinary laboratory apparatus. 

Experiments on what may properly be described as the reflection 
and refraction of electrons have been performed by Davisson and 
Germer in America, by Proftssor G* P* Thomson at AbcrdccE, by 
Rupp in Germany, by Kikuchi in Japan, and by many others, Mov* 
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ing electrons are shot, as a parallel beam, either on to or through a 
metallic surface. And in each case the effect recorded on a suitably 
placed photographic plate is not at aU that which would be observed 
if the electrons behaved like a shower of small shot or other hard 
particles. A diffraction pattern is invariably obtained, consisting of a 
system of concentric rings, light and dark rings alternating. The pat- 
tern is the same as would have been produced if waves of a certain 
definite wave length had fallen on the metal, and when the wave 
length is measured it proves to be exactly that predicted by the wave- 
mechanics formula already mentioned. Recently Professor A. J. 
Dempster of Chicago has had a similar success with moving protons. 

These and other experiments make it clear that the waves and 
wave lengths associated with moving electrons and protons are at 
least something more than a pure myth. Something of an undula- 
tory nature is certainly involved, and the picture which represents 
moving electrons and protons as systems of waves explains their be- 
haviour far better, both inside and outside atoms, than did the old 
picture which regarded them merely as charged particles. 

We shall discuss the nature of these waves more fully below (p. 
81). For our immediate purpose it is enough that the ingredients of 
matter (electrons and protons) and radiation both exhibit a dual 
nature. So long as science^eals only with large-scale phenomena, an 
adequate picture can g^^icrally be obtained by supposing both to be 
of the nature of partf^.hc But when science comes to closer grips 
with nature, and passes to the study of small-scale phenomena, mat- 
ter and radiation are found equally to resolve themselves into waves. 

If we want to understand the fundamental nature of the physical 
universe, it is to these small-scale phenomena that we must turn our 
attention. Here tlie ultimate nature of things lies hidden, and what 
we are finding is waves. 

In this way, we arc beginning to suspect that we live in a universe 
of waves, and nothing but waves. We shall discuss the nature of these 
waves below. At the moment it is enough to notice that modern 
science has travelled very far from the old view which regarded the 
universe merely as a collection of hard bits of matter in which waves 
of radiation occasionally appeared as an incident. And the next chap- 
ter will carry us farther along the same road. 



CHAPTER TURKlt 


MATTER AND RADIATION 

I N THE EARLY days of sciciicc, the unqitestioniiig acceptance of the 
law of causation as a guiding principle in the natural world led to 
the discovery and formulation of laws of the general type “an as- 
signed cause A leads to a known effect B." For instance the addition 
of heat to ice causes it to melt, or stated in more detail, heat decreases 
the amount of ice in the universe and increases the amount of water. 

Primitive man would become acquainted with this law ver v e.t ilf; 
—he had only to watch the action of the sun on hoar ‘h-ost. or the 
effect of the long summer days on the mountain glrtciers. In winter 
he would notice that cold changed water back it ito ice. At a further 
stage it might be discovered that the rc-fro’^ren ice vva.s equal in 
amount to the original ice before melting. It ’ would theti be a natural 
inference that something belonging to a m ore general category than 
either water or ice had remained unaffcc'.wd in amount chrougliouE 
the transformation < 

ice — ^ water — ^ ice. 

Modem physics is familiar with lawsiot this type, which it des- 
cribes as “conservation laws.” The discoC^try wchaveju-st attributed 
to primitive man is a special case of tlxc li conservation of mat- 
ter. The law of “conservation of X,” wf wevcr X may be, means 
that the total amount of X in the universe remains perpetually the 
same: nothing can change X into something 'which is not X. Every 
such law is of necessity hypothetical; what it actually CKpresses is tl«t 
nothing we have so far done has succeeded in changing the tot^ 
aniouixt of X. And if we have tried aiough tiiingt i^d failed every 
time, it is legitimate to propound a law of conservadiSM,, of X, at any 
rate as a working hypothesis. ’’ — 

At the end of last century, physical science recognized three major 
conservation laws: — 

A die conservation of matter, 

B „ „ mass, 

C „ „ energy. 


30 
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Other minor laws, such as those of the conservation of Hnear and 
angular momenta, need not enter our discussion, since they are mere 
deductions from the three msyor laws already mentioned. 

Of the three major laws, the conservation of matter was the most 
venerable. It had been implied in the atomistic philosophy of Demo- 
critus and Lucretius, which supposed all matter to be made up of 
uncreatable, unalterable and indestructible atoms. It asserted that the 
matter content of the universe remained always the same, and the 
matter content of any bit of the universe or of any region of space 
remained the same except in so far as it was altered by the ingress or 
egress of atoms. The universe was a stage in which always die same 
actors — die atoms — ^played their parts, differing in disguises and 
groupings, but without change of identity. And these actors were 
endowed with immortahty. 

The second law, that of the conservation of mass, was of more 
modem growth. Newton had supposed every body or piece of sub- 
stance to have associated with it an unvarying quantity, its mass, 
wliich gave a measure of its “inertia” or reluctance to change its 
motion. If one motor car requires twice the engine power of another 
to give us equal control over its motion, we say that it has twice the 
mass of the latter car. The law of gravitation asserts tiiat the gravita- 
tional pulls on two bodies are in exact proportion to their masses, so 
that if the earth’s attraction on two bodies proves to be the same, 
their “masses” must be the same, whence it follows that the simplest 
way of measuring the mass of any body is by weighing it. 

In the course of time, chemistry showed that the Lucretian “atoms” 
had no right to dieir name (d-Tt/u.j/etv, incapable of being cut). They 
proved not to be “uncuttable” at all, and so were henceforth called 
“molecules,” the name “atom” being reserved for die smaller units 
into which the molecules could be broken up. There are many ways 
in which molecules may be broken up and their atoms rearranged. 
Mere contiguity with other molecules may suffice, as for instance 
when iron rusts or acid is poured on to metal. Molecules may also 
be broken up by burning, exploding, heating, or by the incidence 
of Ught. For instance, if a botde of hydrogen peroxide is stood in 
a light place, the mere passage of light through the liquid breaks 
up each molecule of hydrogen peroxide (HjO^) into a molecule 
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of water (HsO) and an atom of oxygen (O). When we take the 
cork out of our bottle we shall hear a “pop” caused by the escape 
of the oxygen gas, and find that some of the hydrogen peroxide 
lias been changed into water. Molecules of silver bromide arc also 
rearranged by the incidence of light, this change forming the basis of 
photography. 

Towards the end of the eighteenth century Lavoisier believed 
he had foimd that the total weight of matter remained unaltered 
tliroughout all the chemical changes at Ms command. In due course 
the law of “conservation of mass” became accepted as an integral 
part of science. We know now that it is not altogether exact; the 
weight of tire oxygen which escapes from our bottle ol peroxide, 
added to that of the fluid wliich remains, is slightly greater than the 
weight of the original peroxide, and a photograpMc plate gains in 
weight by being exposed to the light. We shall sec shortly that the 
law is inexact because it neglects the weight of the light absorbed by 
the molecules of hydrogen peroxide or silver bromide. 

The third principle, that of tire conservation of energy, is the most 
recent of all. Energy can exist in a vast variety of forms, of which 
the simplest is pure energy of motion — the motion of a train along 
a level track, or of a billiard ball over a table. Newton had shown 
that this purely mechanical energy is “conserved.” For instance, when 
two billiard balls collide, the energy of each is changed, but the total 
energy of the two remains unaltered; one gives energy to the other, 
but no energy is lost or gained in the transaction. This, lunvever, is 
only true if the balls are “perfectly elastic,” an ideal condition in 
wMch the balls spring back from one another with tiic same speed 
with wliich they approached. Under actual conditions such as occur 
in nature, mechanical energy invariably appears to be lost; a buUet 
loses speed on passing through the air, and a train comes to rest in 
time if the engine is shut off. In all such eases heat and sound arc pro~ 
duced. Now a long series of investigations has shown that lieai and 
sound are themselves forms of energy. In a classical scries of experi- 
ments made in 1840-1850, Joule measured the energy of heat, and 
tried to measure the energy of sound with the rudimentary appara- 
tus of a violoncello string. Imperfect though his experiments were, 
they rffiiultcd in the recognition of “conservation of energy” as 
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a principle which covered, all known transformations of energy 
through its various modes of mechanical energy, heat, sound and 
electrical energy. They showed in brief that energy is transformed 
rather than lost, an apparent loss of energy of motion being com- 
pensated by the appearance of an exactly equal energy of heat and 
sound; the energy of motion of the rushing train is replaced by the 
equivalent energy of the noise of the shrieking brakes and of the 
heating of wheels, brake blocks and rails. 

Throughout the second half of the nineteenth century these three 
conservation laws stood unchallenged. The conservation of mass was 
supposed to be the same thing as the conservation of matter, because 
die mass of any body was regarded as the sum of the masses of its 
atoms; this of course explained simply — all too simply, as we now 
know — why total mass could not be altered by chemical action. But 
the newly discovered principle of conservation of energy stood apart 
from the two older laws, a thing by itself. The universe was stiU 
envisaged as a stage in which the players were atoms, each of which 
conserved its identity and mass through all time. To complete the 
picture, an entity known as energy was bandied about from one 
player to another, and this, like the actors themselves, was incapable 
of either creation or annihilation. 

These three conservation laws ought of course to have been treated 
merely as working hypotheses, to be tested in every conceivable way 
and discarded as soon as they showed signs of failing. Yet so securely 
did they seem to be established that they were treated as indisputable 
universal laws. Nineteenth-century physicists were accustomed to 
write of tliem as though they governed the whole of creation, and 
on this basis philosophers dogmatized as to the fundamental nature 
of the universe. 

It was the calm before the hurricane. The first rumble of the ap- 
proaching storm was a theoretical investigation by Sir J. J. Thomson, 
winch showed that the mass of an electrified body could be changed 
by setting it into motion; the faster such a body moved the greater 
its mass became, in opposition to Newton's concept of a fixed un- 
alterable mass. For the moment, the principle of conservation of mass 
appeared to have abandoned science. 

For a time tliis conclusion remained of merely academic interest; 
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it could not be toted observadonaliy because oriliiiary bf^ilics could 
neither be charged with sufficient electricity^ nor set into motion 
with sufficient speed, for the variations ot uklsh preilictcil by tlici>ry 
to bt'come appreciable in aniounr. l"hcn, jtist as die nincteenrli cen- 
tury was drawing to a close, Sir J. J. Thomson and liis followers 
began to break up the atom, which now proved to be no more un- 
cuttablc, and so no more entitled to the name of “atomf' than the 
molecule to which the name had previously been atta^dacd. I’licy 
were only able to detach small fragments, and even now die com- 
plete break-up of the atom into its ultimate constituents inis not been- 
fully achieved. These fragments were found to be all precisely simi- 
lar, and charged with negative electricity. They were accordingly 
named “electrons/’ 

These electrons arc far more intensely electrified chan an ordinary 
body can ever be. A gramme of gold beaten, as thin as it will go,, 
into a gold leaf a yard square, can with luck be made to hold a charge 
of about 60,000 electrostatic units of electricity, but a gramme of 
electrons carries a permanent charge which is about nine inillioii mil- 
lion times greater. Because of this, and because electrons can be set 
into motion by electrical means with speeds of more than a luindrcd 
thousand miles a second, it is easy to verify tliat an elcctroif s mass 
varies with its speed. Exact experiments have showm that the varia- 
tion is precisely that predicted by tlieory. 

Thanks mainly to the researches of Rutherford, it has now been 
established that every atom is built up entirely of negatively charged 
electrons, and of positively charged particles called “protons’’; mat- 
ter proves to be nothing but a collection of particles charged with 
electricity. With one turn of the kaleidoscope a!i the sciences which 
deal with the properties and structure of matter have become ramifi- 
cations of the single science of electricity* Before this, Faraday and 
Maxwell had shown that all radiation was electrical in its iiatiirc, so 
that the whole of physical science is now comprised within the single 
science of electricity. 

Since every body is a coliection of electrical c'hargcd particles, the 
theoretical investigation already mentioned shows that the mass of 
every moving body must vary with its speed of motion. The mass 
of a moving body may be regarded as made up of two parts— a fixed 
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part which the body retains even when at rest, known as its ‘hest- 
mass,'’ and a variable part which depends on the speed of its motion. 
Both observation and theory have shown that this second part is 
exactly proportional to the energy of motion of the body; the masses 
of two electrons, or any two other bodies similar to one another, 
differ to just the extent to which their energies differ. 

In 1905 Einstein extended this into a tremendous generalization. 
He showed that not only energy of motion but energy of every con- 
ceivable kind must possess mass of its own; if it were not so, the 
theory of relativity could not be true. In this way every observa- 
tional test of the theory of relativity was made a witness to the truth 
of the hypothesis that energy possesses mass. Einstein’s investigation 
showed that the mass of energy of any kind whatever depends solely 
on the amount of the energy to wliich it is exactly proportional. It 
is also exceedingly small. The Mauretania fully loaded, weighs about 
50,000 tons; when she is travelling at twenty-five knots, her motion 
only increases her weight by abopt a millionth part of an ounce. The 
energy that a man puts into a long lifetime of heavy manual labour 
weighs only a 60,000th part of an ounce. 

Tliis discovery made it possible to reinstate the principle of con- 
servation of mass. For mass is the aggregate of rest-mass and energy- 
mass, and as each of these is conserved separately (the former because 
matter is conserved, and the latter because energy is conserved), there 
must be a conservation of total mass. Nineteenth-century physics 
had regarded the conservation of mass as a consequence solely of the 
conservation of matter. Twentieth-century physics discovered that 
the conservation of energy was also involved; mass is now seen to be 
conserved only because matter and energy are conserved separately. 

So long as atoms were regarded as permanent and indestructible 
— *‘the imperishable foundation stones of the universe,” to use Max- 
well’s phrase — it was natural to treat them as the fundamental con- 
stituents of the universe. The universe was, in brief, a universe of 
atoms, radiation being of quite secondary importance. Every now 
and then an atom was supposed to be set in vibration, as a bell is 
struck, and emitted radiation for a brief time, as a bell emits sound, 
until it lapsed back to its normal state of quiescence. But radiation 
was no more regarded as a primary constituent of matter than sound 
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radiation from a bright light, just as though a bullet had been fired 
into it. But the impact of such Hght as we c ^perience on earth is 
extremely slight; to sec the full implications of the phenomenon we 
must leave the earth and the physics which has been developed in 
terrestrial laboratories, in favour of the sky and the wider physics 
which we see in operation in the colossal crucibles of the stars. Heat 
an ordinary six-inch cannon ball up to 50 million degrees, wliich is 
the kind of temperature we expect to find at the centre of the sun or 
of an average star, and the radiation it emits would suffice to mow 
down — ^by its mere impact, Hke the jet of water from a fire hose — 
any one who approached within fifty miles of it. Indeed inside the 
stars this pressure of radiation is so large that it supports an appreci- 
able fraction of the weight of the stars. 

Calculation shows that about a ten-thousandth of an ounce of sun- 
light falls every minute on every square mile of land directly under 
the sun; it falls with the speed of Hght, and in being brought to rest 
it exerts a pressure of about 0*000,000,000,04 atmosphere on the 
land. The figures look absurdly small — the weight of sunshine which 
falls in a century is less than the weight of rain which falls in a fiftieth 
of a second of a heavy shower. Yet the amount is small only because 
a field a mile square is such a minute object in astronomical space. 
The total emission of radiation by the sun is almost exactly 250 mil- 
lion tons a minute, which is something like 10,000 times the average 
rate at wliich water flows under London Bridge. And, incidentally, 
if our factor of 10,000 is wrong, it is not because we do not know the 
exact weight of solar radiation, but because we do not know the 
average flow of the Thames with very great precision. Astronomical 
physics is a far more exact science than terrestrial hydrauHcs. 

A certain weight of radiation falls on to the sun from other stars, 
but this is quite inappreciable in comparison with the weight of the 
radiation which streams out, so that the sun can only maintain its 
weight if actual matter is streaming into it at the rate of close upon 
250 miUion tons a minute. 

As the sun journeys through space it must continually sweep up 
stray matter in the form of odd atoms and molecules, of dust particles 
and of meteors. These last are small soHd objects which exist in 
enormous numbers in the solar system, revolving around the sun in 
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orbits like those of the planets. Occasionally they clash into the earth's 
atmosphere, when the air-resistance of their cartliwarcl fall raises' 
them to incandescence, and they appear as shooting-stars, Cicnerally 
these dissolve into vapour before reaching the earth’s surface; only 
occasionally is one massive enough to survive the disintegrating effect 
of this air-resistance, and it then strikes the earth in t!ic form of a 
stone, known as a meteorite. These arc sometimes of enormous size. 
The fall of a meteorite in Siberia in 1908 set up blasts of air wliidi 
devastated the forests over an enormous area, while the shock of its 
impact on the solid earth caused waves which were recorded thou- 
sands of miles away. And a vast crater-sliapcd depression in Arizona, 
three miles in circumference, is believed to have been caused by the 
fall of a still larger meteorite in prehistoric times. Yet such giants 
are rare, and the average meteor is a puny affair, generally no larger 
than a cherry or a pea. 

Shaplcy has estimated that many thousands of millions of shooting- 
stars enter the earth’s atmosphere every day; each of these is turned 
into dust and vapour, and the earth’s weight is correspondingly 
increased. An incomparably greater number must fall into the stm, 
measured by millions of millions per second, and these probably 
provide by far the largest contribution to the sun’s bag of stray 
matter. Yet Shaplcy estimates that the total weight of meteoric matter 
falling into the sun can hardly exceed 2, OCX) tons a second, which is 
less than a 2,000th part of the weight it loses by radiation. Thus it 
seems fairly certain that on the balance tbc sun must be losing weight 
at a rate of very near 250 million tons a minute; it is a wasting struc- 
ture, gradually disappearing before our eyes; it is nicking away like 
an iceberg in the Gulf Stream. And the same must be true of other 
stars. 

This conclusion accords well with the general broad facts of astro- 
nomy. Although there is no absolute proof, a large accumulation of 
evidence goes to show that young stars arc heavier than old scars. 
They are not heavier merely by a few million tons, but several times 
heavier — often 10, 50 or even 100 times heavier. By far the simplest 
explanarion is that the stars lose the greater pare of tlicir weight in 
the course of their lives. Now a simple calculation shows dial the 
sun, losing weight at a rate of about 250 million tons a minute, would 
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require milliom of millions of years to lose the greater part, or even 
a considerable part, of its weight. And, as other stars tell much the 
same story, we are led to assign lives of millions of millions of years 
to the stars in general 

We have other means of estimating the length of stellar lives. In 
particular, the motion of the stars in space proclaims their extreme 
antiquity, and again assigns to them lives of millions of millions of 
years. We have seen how far removed from one another in space 
the stars are — so far that it is very rare for two stars to approach 
each other at all closely. Yet if the stars have lived these tremendously 
long lives of millions of millions of years, each star ought to have 
experienced a number of fairly close approaches. The gravitational 
pulls which the stars would exert on one another on these occasions 
would not generally be intense enough to tear out planets, but would 
suffice to deflect the stars from their courses and change the speeds 
of their motions. In the case of binary systems, which consist of two 
separate masses moving through space in double harness like a single 
star, the gravitational pull of a near star would re-arrange the orbits 
of the two constituents of the binary star. 

Now all these efiects can be calculated in detail, so that we know 
exactly what to expect if the stars have really lived the terrifically 
long lives of millions of millions of years we are provisionally allot- 
ting to them. And everything we look for we find. All the anticipated 
effects are there, and, so far as we can tell, their magnitudes indicate 
that the stars have lived for millions of millions of years. 

Against all this, there is evidence of another kind, which seems to 
point to a very different conclusion, and so must be discussed in some 
detail even though it is highly technical, and takes us into die most 
difficult part of the difficult theory of relativity. 

As we shall see in the next chapter, this theory tells us that space 
itself is curved, much in the same way in which the surface of the 
earth is curved. The curvature of space is responsible for the curving 
of rays of light wliich is observed at a solar eclipse, and for the 
curvature in the paths of planets and comets, which we used to attri- 
bute to a *Torce*' of gravitation. On this theory, the presence of 
matter does not produce **forcc,*' which is an illusion, but a curving 
of space. To confront our difficulties singly, let as for the moment 
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suppose that the presence of matter is the only cause of the bending 
of space. Then an empty universe, totally devoid of matter, would 
have its space entirely uncurved, because there would be no matter 
to curve it, and so would be of infinite size. As the universe is not 
empty, its size will be determined by the amount of matter it con- 
tains. The more matter there is in the universe, the more curved 
space will be, the more rapidly it will bend back on itself, and as a 
consequence the smaller the universe will be— just as a circle winch 
curves rapidly is smaller than one which curves more gradually. 

The well-known experiment of electrifying a soap bubble may 
make tiie concept dearer, A soap bubble, blown in the ordinary 
way, is allowed to rest on the plate of an electrical machine. As the 
machine is worked, and the bubble becomes more and more highly 
charged with electricity, its size increases steadily until finally it bursts. 
Here (apart from its final bursting) the soap bubble is analogous to 
the universe; its size depends on the amount of electricity it carries, 
just as the size of the universe depends on the amount of matter it 
contains. And yet there arc two essential difFcrciices, The first is that 
a soap bubble has a certain curvature inherent in its structure, so that 
it is of definite and finite size, even when uncharged; the universe, 
on the other hand, becomes infinite in size when it is empty of 
matter. The second is that increasing the charge of electricity imremts 
the size of the soap bubble, but increasing the amount of matter 
decreases the size of the universe— the more matter there is, the less 
space there is to hold it 

Einstein tried to obviate this last objection, as well as others, by 
making the universe more like the soap bubble. He imagmed it to 
have an inherent curvature, besides tliat produced by matter, of such 
a kind that its size would increase if tlic amount of matter 
increased. 

Even $0, dierc is still one outstanding difference. The gravitating 
masses in space ah attract one another, but the electric charges on the 
soap bubble repel one another, because they arc all of similar elec- 
tricity, whctlicr positive or negative. As a comcquaicc of this, the 
electrified soap bubble is a thoroughly stable structure. Add a littic 
more charge and it calmly adjusts itself to a new, slightly expanded, 
position of equilibrium. Shake it, and, after trembling for a bit, it 
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settles down to rest again. But, just because of the difference between 
attraction and repulsion, a soap bubble charged with attracting matter 
would be imstable. The mathematician will see why this must be 
so. And although it is a long step from a two-dimensional soap bubble 
of liquid film to a universe, a recent investigation by a Belgian 
mathematician, the Abbe Lemaitre, has shown that the analogy holds, 
and that the kind of universe we have just been discussing would be 
an unstable structure; it could not stay at rest for long, but would 
start at once to expand to infinite size or contract to a point. Hence 
the actual space of an aged imiverse ought to be either expanding or 
contracting, and the various objects in it all rushing away from one 
another, or all rushing towards one another, at a great rate. 

Lemaitre’s conclusions are based upon Einstein’s concept of a 
universe whose size, when at rest, depends on the amount of matter 
it contains. Previously to this, however, a very different concept of 
tlie universe had been put forward by Professor de Sitter, of Leiden. 
Like Einstein, he supposed the universe to possess a certain amount 
of curvature, impressed upon it by the inherent properties of space 
and time. The presence of matter added an additional curvature, but, 
as matter is so sparsely distributed in the actual universe, tliis was 
insignificant in comparison with the curvature resulting from the 
nature of space and time. When de Sitter studied die properties of 
his universe mathematically, he too found a tendency for its space to 
expand or contract, and for all the objects in it either to drift apart or 
to rush towards one another. 

At first de Sitter’s concept of die universe appeared to be entirely 
antagonistic to Einstein’s earlier concept, and mathematicians were 
content to wait for something to decide between them. But 
Lemaltre’s work now shows that the two concepts are not so much 
competitive as complementary. As Einstein’s unstable universe 
expands, the matter in it becomes more and more sparse until it ends 
up as an empty universe of the kind pictured by de Sitter. The 
universes of Einstein and de Sitter may rightly be imagined as placed 
at the two ends of a chain, but we shall go wrong if we imagine 
them engaged in a tug-of-war. They merely mark the limits of pos- 
sible universes, and a universe which starts at or near the Einstein 
end of the chain must gradually slip along the chain to the de Sitter 
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end. If oiir imiverse is built on these lines at all, the i|iiestio!i before 
us is not at which end of the chain it is, but how far along the chain 
it has travelled. 

The two ideal universes at the two ends of the chain arc similar in 
that the objects in them must be either all rushing away from one 
another or else all rushing towards one another. 'Fliis is not on,ly true 
at the two extreme ends of the chain, but all along the cfniim If the 
universe is built in accordance with the theory of relativity, as it 
almost certainly is, then the objects in it must be running all away 
from one another or all towards one another* 

These conclusions arc of great interest, because it has for some 
years been remarked that the remote spiral nebula" arc, to all appear- 
ances, rushing away from the earth, and so presumably also from 
one another, at terrific speeds, which become greater and greater the 
farther we recede into space. The last nebula investigated at Mount 
Wilson — one of the most distant which can be observed in the great 
lOO-inch telescope — was found to be receding at the terrific speed of 
15,000 miles a second. Dr. Hubble and Dr. Humason, who have 
made a special study of the question at Mount Wilson, find that the 
speeds at which the individual nebuix" are receding from us are, 
roughly speaking, proportional to their distances frtnn us, as they 
ought to be, if the cosmology of the theory of relativity is correct. 
A nebula whose light takes ten million years to reach us, has a speed 
of about 900 miles a second, and die speeds of other nebula are, 
approximately at least, proportional to their distances. For instance, 
the light from the nebulae shown in Plate I takes 50 million years to 
reaclr us, and the nebula show speeds of recession of about 4,500 
miles a second. 

The actual figures are important, because if we trace tltc implied 
nebular motions backwards, we find that all the nebula must have 
been congregated in the neighbourhood of the sun only a few 
thousands of millions of years ago. Al! this goes to suggest that we 
arc living in an expanding universe, which started to expand only 
a few thousands of millions of years ago. 

If tliis were the whole story, it would be very difficult to assign 
ages of millions of millions of years to the stars; this would imply 
that they had been packed dose togedicr, or had been converging 
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into a small region of space, for mitUons of millions of years, and 
only just recently, during the last thousandth part or so of their 
existence, had begun to scatter. If the supposed motions of recession 
ultimately prove to be real, it will hardly be possible to attribute an 
age of more than a few thousands of millions of years to the universe. 

But there is room for a good deal of doubt as to whether these 
huge speeds are real or not. They have not been obtained by any 
direct process of measurement, but are deduced by an application of 
what is known as Doppler’s principle. It is a matter of common 
observation that the noise emitted by a motor car horn sounds deeper 
in pitch when it is receding from us than when it is coming towards 
us. On the same principle the light emitted by a receding body 
appears redder in colour than that emitted by a body approaching 
us, colour in light corresponding to pitch in sound. By accurately 
measuring the colour of well-defined spectral lines, the astronomer 
is able to discover whether the body emitting them is approaching 
us or receding from us, and can estimate the speed of the motion. 
And the only reason for thiirking that the distant nebulae are receding 
from us is that the light wc receive from them appears redder than 
it ought normally to be. 

Yet other things than speed are capable of reddening Hght; for 
instance, sunlight is reddened by the mere weight of the sun, it is 
reddened still more by the pressure of the sun’s atmosphere; it is 
further reddened, although in a different way, in its passage through 
the cartli s atmosphere, as we see at sunrise or sunset. The Hght emit- 
ted fay certain stars of a different kind is reddened in a mysterious 
way we do not yet understand. Furthermore, on de Sitter’s theory 
of the universe, distance alone produces a reddening of light, so that 
even if the distant nebula were standing still in space, their light 
would appear unduly red, and we should be tempted to infer that 
they were receding from us. None of these causes seems capable of 
explaining the observed reddening of nebular light, but quite recently 
Dr. Z wicky, of the California Institute, has suggested that still another 
cause of reddening may be found in the gravitational pull of stars 
and nebulx on light passing near them— the same pull as causes the 
observed bending of starlight at an eclipse of the sun. Compton s 
experiments (p. 25) show that radiation is both deflected and red- 
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dencd when it encounters clectrcms in space. When radiation interacts 
gravitationally with stars or other matter in space, it is known to he 
deflected, and Zwicky’s suggestion is that it is reddened as well 

To test this suggestion, ten Bruggcricate has cxainincd tiic light 
from a nuinber of globular clusters, all at about equal distances from 
us, but so selected that the amount ofintervening g^avitatiniia! matter 
varied greatly. The light from these showed a rcildcning, and if this 
were caused by the expansion of space, it ought to have been die 
same for all the clusters. Actually it proved to lu* far ironi uniform; 
it was much more nearly proportional to the amount of intervening 
matter, exactly as required by Zwicky’s theory, and m actual amount 
agreed well enough with that predicted by tlie thcin’ctica! formula. 
As we can hardly imagine that the globular clusters, which belong to 
our own galactic system of stars, can be systematicaiiy running away 
from us, the case for supposing that die spiral iicbuix arc running 
away becomes very much weaker, Zwicky*s theory providing a 
possible explanation of die observed reddening of the light. 

Other lines of evidence also suggest that die suspected recessions 
of the nebula: may be spurious. For instance, die light from die 
nearest nebulae is not redder but bluer than normal and as light can 
only be made bluer by an actual physical approach, diis can only 
mean that the nearest nebulae are actually coming towards us. More- 
over, the apparent speeds of die nebulae arc by no means strictly 
proportional to dicir distances; for instance, nebula? believed to be 
at the same distance of seven million light years show deviations 
averaging 240 miles a second out of total speeds of 640 miles a 
second. 

Nevertheless, if the universe is built in the way we have described, 
the ncbulx as a whole must undoubtedly be running away from its; 
theoretical considerations demand this and cannot In? satisfied willi 
anything less, but they do not telf us die speeds of the nebular 
motions. The work of Zwicky and ten Brtiggciicatc iit m way 
throws doubt on there being a real motion of recession; what it lays 
open to doubt is whether tins motion is the same as astronomers have 
deduced from the reddening of the spectral lines. Possibly roost of 
this reddening may be attributed to die effect suggested by Zwicky, 
or to some similar cause* while only a small residual represents a real 
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ittLotion of recession* It is impossible to determine the speed of this 
motion because die smaller effect is entirely masked by the greater. 

The question is still an open one, but if once it is accepted that the 
greater part of die apparent velocities of recession may be treated as 
spurious, the argument in favour of short lives for the stars disappears, 
and we become free to assign to them the long lives of millions of 
millions of years which the general evidence of astronomy seems to 
demand. 

As we have already seen, tliis general evidence suggests that the 
sun has been pouring away mass in the form of radiation at a rate 
of 250 million tons a minute for a period of some miUions of millions 
of years. Detailed calculation shows that the new-born sun must have 
had many times the mass of the present sun, in conformity with the 
general fact of observation that young stars are many times more 
massive dian old stars. In what form could it store all the mass which 
has since disappeared in the form of radiation? 

The rest-mass of an electron or other charged particle is generally 
enormously greater than its energy-mass, the latter assuming its 
greatest importance at high temperatures. Now the temperature at 
the centre of the sun is about 50 million degrees, and even here the 
rest-mass accounts for all but about one part in 200,000 of the total 
mass. It is improbable that die new-born sun can have been much 
hotter than tliis, so that it seems likely that the greater part of the 
mass of the primeval sun also must have resided in its rest-mass. If 
SO, there is only one conclusion possible: the primeval sun must have 
contained many more electrons and protons, and therefore many 
more atoms, than now. These atoms can only have disappeared in 
one way: they must have been annihilated, and their mass must be 
represented by the mass of the radiation which the sun has emitted 
in in long life of milBons of millions of years. 

This argument may be thought somewhat precarious, because it 
deals with concepts so far out of the range of laboratory physics. 
Fortunately laboratory physics has quite recendy obtained evidence, 
which, although far from being absolutely conclusive, provides valu- 
able confirmation that this annihilation of matter is actuaEy taking 
place on a vast scale out in the depths of space. 

We could hardly expect to obtain direct evidence of die annihila- 
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tion of matter going on in stellar interiors, because the radiation 
produced in the process could only travel a very short distance before 
Ling absorbed by the substance of the star. This would be heated 
up, and the corresponding energy would ultimately be emitted by 
the star in the form of quite ordinary light and heat. 

A mathematical analysis of the facts of astronomy suggests that 
die process of atomic annihilation would probably be spontaneous 
in the same way in which radio-active disintegration is spontaneous. 

If so, it would not be limited to the hot interiors oi stars, but ought 
to be in progress wherever astronomical matter exists in sufficient 

abundance, , r t * t 

In its simplest form the process would consist of the simultaneous 

annihilation of a single electron and a single proton. We can picture 
it vividly if we think of these two charged particles rnshing together 
under their mutual attraction with ever-increasing spccd.until tmally 
they coalesce; their electric charges then neutralize one another, and 
their combined energy is set free in a single flash of radiation— a 
“photon” of the kind discussed on page 24. 

We have already seen (p. 36) how mass is “conserved when an 
atom emits radiation. The atom parts with a certain amount of ie 
mass, but this is not destroyed; it is carried away by the photon, and 
figures as the mass of the photon. If a proton and electron annihilate 
one another, the resulting photon must have a mass equal to the 
combined masses of the proton and electron which have disappeared. 
Now the combined mass of a proton and electron is known with 
great accuracy, for it is exactly equal to the mass of the hydrogen 
atom. Thus if the annihilation of matter realty occurs, photons ot 
mass exactly equal to that of the hydrogen atom ought to be travc^ 
ing space in great numbers, and some of these ought to lall on the 

earth* . i , 

There may be even more massive photons than this, for we can 

imagine any kind of atom being suddenly annihilated, and setting 
loose its whole energy as a photon, whose mass would then be equal 
to that' of the whole atom. One possibility is of special interest. 
Although we believe that all matter is in the last resort built up of 
protons and electrons, there is a peculiarly compact st ructure of four 
protons and two electrons which may almost be conssacred as a new 
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and independent unit. It is conspicuous in the radiation emitted by 
radio-active substances, and is commonly known as an a-particle. 
The helium atom, which is the next simplest atom after hydrogen, 
consists of an a-particle with two electrons revolving in orbital motion 
about it. As an a-particle has the same electric charge as two protons, 
it might undergo annihilation by coalescing with two electrons, in 
which event the resulting photon would have the same mass as a 
helium atom. 

Photons of either of these two kinds would have an incomparably 
greater mass than the photons of any ordinary kind of radiation, and 
so ought to be immediately recognizable. Photons may be regarded 
as bullets, all travelling with a uniform speed — the speed of light. If 
a number of bullets are discharged from a gun with equal speeds, 
the more massive projectiles will have the greater capacity for doing 
damage, and so will have the greater penetrating power. It is the 
same with a mixed crowd of photons; the more massive photons 
have the greater penetrating power. There is a mathematical formula 
wliich enables us to deduce the penetrating power of a photon from 
its mass, and it shows that photons having the mass of atoms of either 
hydrogen or helium ought to have terrific powers of penetration. 

We have already spoken of the highly penetrating radiation, 
commonly called **cosmic radiation,’’ which falls on the earth from 
outer space, and is able to penetrate several yards of lead. For a long 
time it was not altogether clear whether this was a true radiation, or 
consisted of streams of electrons. The former alternative always 
seemed by far the more probable, because electrons would have to 
move with almost unthinkably high energy to force their way 
through many yards of lead before being brought to rest. 

The matter now appears to be settled. A shower of electrons, 
falling on to the earth from outer space, would become entangled 
in the earth’s magnetic field, and this would influence its motion. If 
the electrons were moving fast enough to have tlie observed pene- 
trating power of cosmic radiation, calculation shows that almost the 
whole stream would be deflected from its course, and strike the earth 
near to one or other of its magnetic poles. No such preference is 
shown by the cosmic rays; different observers, working at different 
pirts of the earth’s surface, find that the radiation has die same 
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intensity everywhere. For instance, the British Australian and New 
Sd Antarctic Expedition found the same nuensuy wulun 250 
miles of die soudi magnetic pole as odicr observers had iound in 
regions remote from the poles. This makes it reasonably certain that 
S ‘Wnic radiation” is true radiation, and not merely a shower of 
toont This being so, we can deduce the mass of the photons of 
Ac radiation from their observed penetrating power by the use of 

'^The”penetrating^powcr of this radiation has been studied with 
exmeme care and skill by Professor Millikan and his colleagues at 
Pasadena, by Professor Regener of Stuttgart, _ and by many others. 
They all find that the radiation is a mixture of a number ut eonstitu- 
ents of very different penetrating powers, or. what is the same thing, 
a mixture of photons of different masses. Now it seems highly signi- 
tiiait diat tlLwo insects 

other words they arc just the type of photons we should expect to 
find if somcw-hcrc out in the far depths ot space, protom and 
a-narticlcs were being aniiihUatcd, the former in conjuncuon with 
riiLinglc electrons needed to neutralize their diarges. and the latter 
in conjunction with the pairs of electrons needed lor the same pur- 

^Tmust be explained diat Ac masses of the photons cannot be 
measured wiA absolute precision, so that it cannot be claimed with 
certainty that they arc absolutely and precisely those to be expected 
from Ac annihilation in question. Yet Ac agreemem is about as goc^ 
as observation permits; in each ease there is agreement to wid u 
Aout S per cent, and the penetrating power of the radiauon can 
hardly bc^measured more closely Aan this. Such an 
good to be dismissed as a mere comtHicnce, so that “ ^ 

probable Aat Ais radiation has its origin m the actual aiuuhiiation 

°^NwT^Sss, Ac matter is not yet beyond conuoversy, and the 
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simpler light atoms, and so interprets it as evident^ that “ the creator 
is still on the job.” To take the simplest iUustratioa, a helium atom 

contains exactly the same ingredients as four hy5^pgen atoms 

namely, four electrons and four protons— but its mas^is only equal 
to that of 3*97 hydrogen atoms. Thus if four hydrogen^Hpms could 
somehow be hammered together to form a helium atom^l^e super- 
fluous mass, that of 0*03 hydrogen atoms, would take the^riii of 
radiation, and a photon with 3 per cent of the mass of the hy^pg^jj^ 
atom might be discharged. We cannot say it would be dischaf 
because if ever four hydrogen atoms fall together to form a heliu^ 
atom, it seems hkely that the process would occur in several stagd 
and so would result in the emission of a number of small photon^* 
rather than of one big one. Yet even if the whole of the liberated 
energy were to form one big photon, this worJd have less penetrat- 
ing power than the actual cosmic radiation. If, however, 129 atoms 
of hydrogen were to fall together and form a single atom of xenon 
by one huge cataclysmic disturbance, the single photon emitted in 
the process would have about the same mass as the hydrogen atom, 
andjf c^'ould have something Hke the same penetrating power as 
the second most penetrating constituent of actual cosmic radiation. 
On this view of the ongin of the radiation, the less penetrating 
constituents can be very readily and naturally explained as originat- 
ing out of the synthesis of atoms less complex than xenon. On the 
other hand, the most penetrating constituent of all seems to present 
a quite insuperable difflculty. If its photons originate out of the 
hammering together of hydrogen atoms to form a single huge atom, 
this atom must needs have an atomic weight in the neighbourhood 
of 500, which seems beyond the bounds of probability. It seems, 
almost equally improbable that the second most penetrating con- 
stituent should be produced by the synthesis of atoms of xenon or 
otlier element of similar atomic weight, since all such atoms are of 
extreme rarity. Whatever the origin of the less penetrating con- 
stituents, the two most penetrating constituents can hardly, I think, 
be attributed with much plausibihty to any other source than 
annihilation of matter. 

The amount of diis radiation which falls on the earth is tremen- 
lous. Millikan and Cameron have estimated it at about a tenth of 
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1 <- 1 received from all the stars in the sky, the sun of 

*' ““‘““‘Tout in th« aeptht ofspucc. beyond tl,0 Milky Way, 
T“l“ I W nenr-'ttatmg radiation must still be about as plentiful as It 
• Jartl’«^ surface, but starlight is far less plentiful, so that, on 

k' an through space as a whole, this highly penetrating 

ta 'ing a ^ probably the commonest kind of radiation. 

radiation- ^mo^„^t penetrating power, 

.1 u llmost endows it with immortality. An average beam of the 
j;aion travcllmg through space for millions of millions of years 
A not encounter matter to absorb it to any appreciable extent, 
fhus we must think of space as being drenched with almost all the 
cosmic radiation which has ever been generated since the world 
began. Its rays come to us as messengers not only from the farthest 
depths of space, but also from the farthest depths of time. And, if we 
read it aright, their message seems to be that somewhere, sometime, 
in the liistory of the universe, matter has been anniliilated, and this 


not in tiny, but in stupendous amounts. 

If we accept the astronomical evidence of tlie ages of the stars and 
the physical evidence of the highly penetrating radiation as jointly 
establishing that matter can really be annihilated, or rather trans- 
formed into radiation, then this transformation becomes one of the 
fundamental processes of the universe. The conservation of matter 
disappears entirely from science, while the conservation of mass and 
of cncrgy.bccome identical. Thus the three major conservation laws, 
those of the conservation of matter, mass and energy, reduce to one. 
One simple fundamental entity which may take many forms, mat- 
ter and radiation in particular, is conserved through all changes*, the 
sum total of this entity forms the whole activity of the universe, 
which does not change its total quantity. But it continually changes 
its quality, and this change of quality appears to be the mam opera- 
tion going on in the universe which forms our material hornc. The 
whole of the available evidence seems to me to indicate mat the 
change is, with possible insignificant exceptions, for ever in me same 
direction-— for ever solid matter melts into insubstantial radiation* 

for ever tlie tangible changes into the intangible. 

These concepts have been discussed at some length because they 
obviously have a very special bearing on the fundamental structure 
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of the universe. In the last chapter we saw how the wave-mechanics 
reduced the whole universe to systems of waves. Electrons and pro- 
tons consisted of waves of one kind; radiation of waves of a different 
kind. The discussion of the present chapter has suggested that matter 
and radiation may not constitute two distinct and non-interchange- 
able, forms of waves. The two may be interchangeable, one 
passing into the other as the chrysalis passes into the butterfly — to 
which, as we shall see below (p. 101), some scientists might think 
it necessary to add “and as we can imagine the butterfly to pass back 
into the chrysalis.’’ 

This does not of course mean that matter and radiation are the 
same thing. The transformation of matter into radiation still means 
something, although the concept now looks incomparably less revo- 
lutionary than it looked when first I advanced it twenty-six years 
ago. Even if we knew all the facts with certainty, which we do not, 
it would be difficult to express the situation accurately in non-techni- 
cal language, but possibly we may come fairly near to the truth if we 
think of matter and radiation as two kinds of waves — a kind which 
goes round and round in circles, and a kind which travels in straight 
lines. The latter waves of course travel with the velocity of light, 
but those wliich constitute matter travel more slowly. It has even 
been suggested, by Mosharrafa and others, that this may express the 
whole difference between matter and radiation, matter being nothing 
but a sort of congealed radiation travelling at less than its normal 
speed. We have already seen (p. 28) how the wave length of a mov- 
ing particle depends on its speed. The dependence is such that a par- 
ticle travelling with the speed of light would have precisely the same 
wave length as a photon of equal mass. This remarkable fact, as well 
as others, goes a long way towards suggesting that radiation may 
ultimately prove to be merely matter moving with the speed of light, 
and matter to be radiation moving with a speed less than that of 
light. But science is a long way from this as yet. 

To sum up the main results of this and the preceding chapter, the 
tendency of modern physics is to resolve the whole material universe 
into waves, and nothing but waves. These waves are of two kinds: 
bottled-up waves, which we call matter, and unbottled waves, which 
we call radiation or light. The process of annihilation of matter is 
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merely that of mibottling imprisoned wave-energy and setting it free 
to travel through space. These concepts reduce the whole universe 
to a world of radiation, potential or existent, and it no longer sccins 
surprising that the fundamental particles of which matter is built 
should exhibit many of the properties of waves. 



CHAPTER FOUR 


RELATIVITY AND THE ETHER 

W E HAVE SEEN how modem physics reduces the universe to 
systems of waves. If we find it hard to imagine waves unless 
they travel through something concrete, let us say waves in an ether 
or ethers. I believe it was the late Lord Salisbury who defined the 
ether as the nominative of the verb “to undulate,” If this definition 
will serve for the moment, we can have our ether without commit- 
ting ourselves very far as to its nature. And this makes it possible to 
sum up the tendency of modem physics very concisely: modem 
physics is pushing the whole universe into one or more ethers. It wiH 
be well, then, to scrutinize the physical properties of these ethers 
with some care, since in them the true nature of the universe must 
be hidden. 

It may be well to state our conclusion in advance. It is, in brief, 
that the ethers and their midulations, the waves which form the uni- 
verse, are in all probability fictitious. This is not to say that they have 
no existence at all: they exist in our minds, or we should not be dis- 
cussing them; and something must exist outside our minds to put 
this or any other concept into our minds. To this something we may 
temporarily assign the name “reality,” and it is this reaHty wliich it 
is the object of science to study. But we shall find that this reality is 
something very diifferent from what the scientist of fifiy years ago 
meant by ether, undulations and waves, so much so that, judged by 
his standards and speaking his language for a moment, the ethers and 
their waves are not realities at all. And yet they are the most real 
things of which we have any knowledge or experience, and so are 
as real as anything possibly can be for us. 

The concept of an ether entered science some two centuries ago or 
more. When the known properties of gross matter failed to explain 
a phenomenon, scientists met die difficulty by creating a hypotheti- 
cal all-pervading ether, to which they attributed exacdy the proper- 
ties necessary to provide an explanation. There was of course a special 
temptation to resort to this procedure in problems which appeared 
to call for “action-at-a-distance.” It is, on the face of it, such good 
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sound sense to assert timt matter can only act where it is, and cannot 
possibly act where it is not, that he w'ho argues to the contrary can 
hardly hope to carry the majority of his fellows witli hinn Descartes 
had gone so far as to argue that the bare existence of bodies separated 
by distance was a sufficient proof of the existence of a medium 
between them. 

Thus when no gross material was present to transmit a ineclianical 
action, such as that exerted by a magnet on a steel bar, or by the 
earth on a falling apple, tlie temptation to invoke an all-pervading 
ether became well-nigh irresistible, and what may be called the ether- 
habit invaded science. So that, as Maxwell expressed it: *‘£thers were 
invented for the planets to swim in, to constitute electric atmospheres 
and magnetic effluvia, to convey sensations from t)nc pare of our 
body to another, till all space was filled several times over with etherf ’ 
In the end there were almost as many ethers as unsolved problems in 
physics. 

Fifty years ago only one of these ethers survived in serious scien- 
tific thought— the luminiferous ether, which was supposed to trans- 
mit radiation. The properties it needed to fulfil this function had 
been defined with ever-increasing precision by Huyghens, Thomas 
Young, Faraday and Maxwell It was thought of as a jelly-like sea 
through which waves could travel, just as vibrations or undulations 
travel through a jelly. These waves were radiation whidi, as we now 
know, can take any one of the many forms of light, heat, infra-red 
or ultra-violet radiation, clcaromagnetk waves, X-rays, y-rays and 
cosmic radiation. 

The astronomical phenomenon of the **abcrratk>n of light,*' as 
well as a number of others, show that, if such an etiicr exists, the 
eartli and ail other moving bodies must pass throiigli it without dis- 
turbing it. Or, if we take our position on the earth and study the- 
phenomena from that standpoint, the ether must pass through the 
interstices of the earth and other solid bodies without hindrance— 
*"like the wind tlirough a grove of trees/’ to borrow the fiimous but 
inadequate simile of Thomas Young* It is inadequate because wind 
does in actual fact affect trees; the motions of their leaves, twigs and 
branches give some indication of its strcngtii. But it can be shown 
that motion through the ctlicr cannot in the least degree disturb solid 
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bodies which are at rest on the earth, or affect their motions if they 
are moving; we need not add ether-resistance to air-resistance in dis- 
cussing what prevents our motor car making better speed. 

Thus, if an ether exists, it is all the same whether the ether-wind is 
blowing past us at one mile an hour or a thousand miles an hour. 
This is in accordance with a dynamical principle which Newton had 
enunciated in his Principia : — 

COROLLARY v.* The motions of bodies included in a given space are the 
Same among themselves, whether that space, is at rest, or moves uniformly 
forwards in a right line without any circular motion. 

Newton continues : — 

A clear proof of which we have from the experiment of a ship, where all 
motions happen after the same manner whether the ship is at rest, or is carried 
uniformly forward in a right line. 

This general principle shows that no experiment performed on 
board ship and confined to the ship alone can ever reveal the ship’s 
velocity through a still sea. Indeed it is a matter of common observa- 
tion that in calm weather we cannot even tell in which direction a 
ship is moving without looking at the sea. 

If the ether-wind had affected terrestrial bodies, the disturbance it 
created would have given an indication of the speed with which it 
was blowing, just as the motions of the twigs of trees give an indica- 
tion of ordinary wind-velocity. As things are, it is necessary to resort 
to other methods. 

Although an ocean traveller cannot determine the speed of his ship 
by any observation which is confined to the ship, he can easily do so 
if he is free to observe the sea as well. If he drops a line and sounding- 
lead into the sea, a circular ripple will spread out; but every sailor 
knows that the point at which the Hne enters the water will not 
remain at the centre of diis circle. The centre of the circle stays fixed 
in the water, but the point of entry of the line is dragged forward by 
the motion of the ship, so that the rate at which the point of entry 
advances from the centre of the circle will disclose the speed of the 
ship through the sea. 

If the earth is ploughing its way through a sea of ether, an experi- 
ment conceived on similar lines ought to reveal the speed of its pro- 
gress. The famous Michelson-Morley experiment was designed to 
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precisely this end. Our earth was the ship, and the physied labora- 
tory of the University of Cleveland (Ohio) was the point of entty of 
the lead into the sea. The dropping of the lead was represented by 
the emission of a light-signal, and it was supposed tiiat the hght- 
waves which constituted this signal would make ripples on the sea of 

ether. 
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The progress of the ripples could not be followed directly, but 
sufficient information could be obtained by arranging for mirrors to 
reflect the signal back to the starting-point. This made it possible to 
determine in effect the time which the light took to perform the 
double journey to and fro. If the earth were standing still in the ether, 
the time of a double journey of given length would of course always 
be the same, regardless of its direction hi space. But if the earth were 
moving through a sea of ether in an easterly direction, it is easy to 
see that a double journey, first from east to west and then from west 
to east, ought to take sHghtly more time than one of equal length in 
north-south and south-north directions. No more recondite princi- 
ple is involved dian in the common experience that it takes longer 
to row a boat 100 yards up-stream and 100 yards down-stream than 
to row 200 yards across the stream; in the former case we go slowly 
up-stream, and come quickly down-stream, but the gain of time in 
rowing dovm with the current is not sufficient to make good the 
time previously lost in rowing up against the current. If two oars- 
men of equal speed set out simultaneously to row the two courses, 
the cross-stream rower will arrive first, and the difference between 
their times of arrival will disclose the speed of the current. It was 
anticipated that, in precisely the same way, the difference in the times 
taken by the two beams of light in the Michelson-Morley experi- 
ment would disclose the speed of the earth’s motion through the 
ether. 

The experiment was performed many times, but no time-differ- 
ence at all could be detected. Thus, on the hypothesis that our earth 
was surrounded by a sea of ether, the experiments seemed to show 
that its speed of motion through this sea of ether was zero. To all 
appearances, the earth stood permanently at rest in the ether, while 
the sun and the whole of creation circled round it; the experiments 
seemed to bring back the geocentric universe of pre-Copernican 
days. Yet it was impossible that tliis should be their true interpreta- 
tion, for the earth was known to be moving round the sun at a speed 
of nearly twenty miles a second, and the experiments were sensitive 
enough to detect a speed of one-hundredth part of this. 

Fitzgerald in 1893 and Lorentz independendy in 1895 suggested 
an alternative interpretation. The experimenters had in effect tried to 
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Biakc two rays of light travel simultaneously to and fro over two 
courses of equal length. Without losing anything of tlic essence of 
the experiment* we may imagine that the lengths of the two courses 
had been measured or compared by ordinary measuring rods— foot** 
rules, if we like. How was it known, Fitzgerald and Lorentz asked, 
that these rods, or the course kid out by them, retained their exact 
length while they were moving forward through a sea of ether? 
When a ship moves through the ocean, the pressure of the sea on its 
bows causes it to contract its length; it is, so to speak, squeezed up a 
little bit — a minute fraction of an inch — between the sea trying to 
hold its bows back and its screw trying to push its stern forward. In 
the same way a motor car moving through the air contracts as it is 
squeezed between the backward pressure of the wind on its wind- 
screen, and the forward drive of its rear wheels. If the apparatus usipd 
by Michelson and Morley contracted in the same way, the up-and- 
down stream course would always be shorter than the cross-scream 
course. This reduction of length would do something to compensate 
for the other disadvantages of the up-and-down stream course. A 
contraction of exactly the right amount would compensate for them 
completely, so that this and die cross-stream course would require 
precisely equal times. In this way, Fitzgerald and Lorentz suggested, 
it might be possible to account for the nul result of the experiment. 

The idea was not wholly fanciful or hypothetical, for Lorentz 
showed very shortly afterwards that the electro-dynamical theory 
then current demanded that just such a contraction should actually 
occur. Although the contraction was not altogether analogous to 
those of ships or motor cars, these give a good enough idea of the 
mechanism involved. Actually Lorentz showed that if matter were 
a purely electrical structure, consisting solely of electrically charged 
particles, motion through the edict would cause the particles to re- 
adjust their positions, and they would not come to relative rest again 
until the body had contracted by a certain calculabie amount. And 
this amount proved to be precisely diat needed to account for the 
nul resole of the Michclson-Morley experiment. 

This not only explained, fully and completely, why the Michel- 
son-Morley experiment had failed, but it fiirdier showed that every 
material measuring rod would necessarily contract Just sufBdcndy to 
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conceal the earth’s motion through the ether, so that all similar ex- 
periments were doomed to failure in advance. But other types of 
measuring rods are known to science; beams of Hght, electric forces, 
and so on, can be made to span the distances from point to point, 
and so provide the means for measuring distances. It was thought 
that where material measuring rods had failed, optical and electrical 
measuring rods might succeed. The trial was made, repeatedly and 
in many forms — the names of the late Lord Rayleigh, of Brace and 
of Trouton are eminent in tliis connexion. And every time it faded. 
If the earth had a speed x through the ether, every apparatus that the 
wit of man could devise confused the measurement of x by adding a 
spurious speed exactly equal to and so reiterating the apparent 
zero answer of the original Michelson-Morley experiment. 

The upshot of many years’ arduous experimenting was that the 
forces of nature seemed without exception to be parties to a per- 
fectly organized conspiracy to conceal the earth’s motion through 
the ether. This of course is the language of the layman, not of the 
man of science. The latter prefers to say that the laws of nature make 
it impossible to detect the earth’s motion through the ether. The 
philosophical contents of the two statements are precisely identical. 
In the same way the unscientific inventor may exclaim in despair 
that the forces of nature are in a conspiracy to prevent his perpetual 
motion machine from working, while the scientist knows that the 
obstacle is a far more serious barrier than a conspiracy; it is a natural 
law. And so, again, die zealous but unenlightened social reformer 
and the ignorant politician are alike apt to see conspiracies of the 
deepest dye behind the operation of those economic laws wliich 
make it impossible to extract a quart out of a pint pot. 

In 1905 Einstein propomided the supposed new law of nature in 
the form '‘Nature is such that it is impossible to determine absolute 
motion by any experiment whatever.” It was the first formulation 
of the principle of relativity. 

Oddly enough, it was a reversion to the thought and doctrine of 
Newton. In his Principia, Newton had written : — 

It is possible that in the remote regions of the fixed stars or perhaps far 
beyond them, there may be some body absolutely at rest, but impossible to 
know, from the positions of bodies to one another in our regions, whether 
M.S.T. — c* 
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any of these do not keep the same position to that remote body. It follows 
that absolute rest cannot be determined from the position of Ixxiics in out 
regions. 

He had qualified tliis by adding : — 

I have no regard in this place to a medium, if any such there is, that freely 
pervades the interstices between the parts of bodies. 

In other words, Newton had realized tliat without an all-pervading 
ether, it would be impossible to determine the absolute speed of 
motion through space, and had also seen that such a medium would 
provide an unmoving standard by reference to wliich the motions 
of all bodies could be measured. 

Thc two intervening centuries had seen science busily engaged in 
discussing die properties of diis supposed medium, and no w Einstein 
at one blow deprived it of its most important property of all, that of 
providing a standard of rest, by reference to which die true speed of 
any motion could be measured. 

Einstein's principle can be stated in another way, which makes its 
significance stand out more clearly. Astronomy has so far failed to 
discover Newton’s body absolutely at rest, *"in the remote regions of 
the fixed stars, or perhaps far beyond them,” so that rest and motion 
are still merely relative terms. A ship mdiich is becalmed is at rest only 
m a relative sense — relative to the eardi; but the earth is in motion 
relative to the sun, and die ship with it. If the earth were stayed in its 
course round tlie sun, the ship would become at rest relative to die 
sun, but both would still be moving through the surrounding stars. 
Cheek the sun^s motion diroogh the stars and there stili remains the 
motion of die whole galactic system of stairs relative to the remote 
nebulas. And these remote ncbulx" move towards or away from one 
anodicr with speeds of hundreds of miles a second or more; by going 
fardicr into space we not only find no standard of absolute rest, but 
encounter greater and greater speeds of motion. Unlc^ we have an 
all-pervading ether to guide us, we cannot even say what we mean 
by absolute rest, still less can we find it. Einstein’s principle now tells 
us that, so far as all the observable phenomena of nature are con- 
cerned, we are free to define “absolute rest” in any way we please. 

It is a sensational message. We have a perfect right to say, if we so 
choose, that thb room is at rest, and nature will not say us nay. If the 
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earth has a speed of 1,000 miles a second through the ether, then we 
must suppose that the ether is blowing through tliis room “like the 
wind through a grove of trees,” at 1,000 miles a second. And the 
principle of relativity assures us that all the phenomena of nature in 
this room are absolutely unaffected by this 1,000 miles-a-second 
wind, and would indeed be just the same if the wind blew at 100,000 
miles a second — or indeed if there were no wind at all. 

It is not surprising or even novel that all mechanical phenomena, 
which have nothing to do with the supposed ether, should be the 
same; we have seen how this was known to Newton. But if an ether 
really exists, it seems amazing that the phenomena of optics and of 
electricity should be the same whether the ether which propagates 
them is standing still or blowing past and through us at thousands of 
miles a second. It quite inevitably raises the questions as to whether 
the ether, whose blowing is supposed to cause the wind, has any 
existence, or is a mere fiction of our imagination. For we must always 
remember that the existence of the ether is only an hypothesis, intro- 
duced into science by physicists who, taking it for granted that every- 
thing must admit of a mechanical explanation, argued that there 
must be a mechanical medium to transmit waves of light, and ah 
other electrical and magnetic phenomena. 

To justify dieir belief, tliey had to show that a system of pushes, 
pulls and twists could be devised in the ether to transmit all the 
phenomena of nature through space and deliver them up at the far 
end exactly as they are observed — much as a system of beU-wires 
transmits mechanical force from a bell-pull to a bell. The requisite 
system of pushes, puUs and twists was found in time, but proved to 
be exceedingly complicated. Perhaps this was not surprising; the 
ether had not only to transmit the observed effects, but to conceal its 
own existence while so doing. It could hardly be a simple matter to 
arrange that one single mechanism should transmit precisely the 
same phenomena whether the experimenter sat at rest or dashed 
through the ether at 1 ,000 nnles a second while conducting his experi- 
ments. And, in point of fact, the mechanism thus devised proved to 
be open to the fatal objection that it could only make the two sets of 
phenomena the same by postulating two distinct mechanisms in these 
two cases. 
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Wc can illustrate the objection by discussing a simple phenomenon 
in detail. According to diis scheme of ethereal traiismissioin charging 
a body with electricity sets up a state of strain in the surrounding 
ether, just like forcing a foreign body into a sea of jelly. When two 
bodies both at rest in the ether arc charged with similar electricity, 
they repel one another, and their repulsion is supposed to be trans- 
mitted through the pressures which this state of strain establishes in 
the cthcr. 

Siipposc, however, that the two charged bodies, instead of being 
at rest in the ether, are moving through it with precisely tlic same 
speed of, say 1,000 miles a second from exst to west. As the bodies 
arc still at rest relatively to one another, the principle of relativity 
shows that the observable phenomena will still be precisely the same 
as when they were both at absolute rest in the ether. But a quite 
diftcrent mechanism produces the phenomena in tliis second case. 
Part of the repulsion is still the result of a strained state of the ether, 
but not all. The remainder is due to magnetic forces, and these can- 
not be explained as pressures or tensions in the ether, but have to be 
attributed to a complicated system of cyclones or whirlwinds. 

More complicated electromagnetic phenomena are in general pro- 
duced by a combination of electric and magnetic forces, and the two 
kinds of mechanism enter in different proportions with different 
speeds of motion through the ether. Thus the attempt to find a 
mechanical explanation of these phenomena involves die need for 
two distinct mechanisms to produce identically the same phenome- 
non. It has yet to be shown that any conceivable ether can accom- 
modate both these mechanisms. But even if this could be proved, 
such a duality in die mechanism required to produce a single observ- 
able phenomenon is so contrary to the usual workings of nature that 
we cannot but feel that wc are on the wrong track. Ncwtonls theory 
of gravitation would have had little chance of acceptance if it had 
postulated a dual mechanism to explain why an apple fell from a 
tree, adding diat one operated in summer and the other in autumn, 

Newton himself laid stress on the necessity for avoiding duplicate 
mechanisms of diis kind. His Prindpk contains a set of “Rules of 
Reasoning in Philosophy/' of which the first two read as 
follows : — 
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RULE I 

We are to admit no more causes of natural things than such as are both 
true and sufficient to explain their appearances. 

To this purpose the philosophers say that Nature does nothing in vain, and 
more is in vain when less will serve; for Nature is pleased with simplicity, 
and affects not the pomp of superfluous causes. 

RULE II 

Therefore to the same natural effects we must, as far as possible, assign the 
same causes. 

As to respiration in a man and in a beast; the descent of stones in Europe 
and America; the light of our culinary fire, and of the sun; the reflection of . 
light in the earth, and in the planets. 

There is, however, a stronger case than this against supposing the 
luminiferous ether to transmit radiation and electrical action. 

We have seen how electricity, magnetism and hght all seem to be 
in a conspiracy to prevent our detecting motion through tire ether, 
but gravitation remains; this has always stood apart from the other 
phenomena of physics, and has seemed to be of an entirely different 
nature. Now the law of gravitation involves the idea of distance; it 
asserts that the gravitational forces between two bodies depend on 
their distance apart, and so are equal at equal distances. Thus, in 
theory at least, the law of gravitation provides a measuring rod for 
the measurement of distances. 

An ether which transmits electrical action can hardly transmit 
gravitational action as well, since all the properties with which we 
can endow it are used up in accounting for its transmission of electric 
and magnetic forces. The measuring rod which the law of gravita- 
tion provides may therefore be expected to be immune from the 
Fitzgerald-Lorentz contraction, and with such a measuring rod at 
our disposal we ought to be able to measure the earth’s velocity 
through space. 

Let us examine the possibihty in terms of the simplest possible con- 
crete case. Let us idealize our earth, and tliink of it as a perfect globe. 
As every point on its surface is now at the same distance from its 
centre, the force of gravity will be the same at all. If this idealized 
earth is now set in motion through die ether with a speed of 1,000 
miles a second, the ordinary Fitzgerald-Lorentz contraction would 
cause its diameter to shrink by about 600 feet in the direction of 


I 
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motion, and as the points at the end of this contracted diameter arc 
now nearer to the cartlf $ centre than other points on the earth^s sur- 
face, all movable objects on the earth's surface would tend to slide 
downhill to these two points. 

Even if it existed, this particular effect would be too small to be 
observed on our actual earth, because the irregularities of mountains 
and valleys, which we have idealized out of existence, would easily 
conceal a 600-foot contraction. Yet other gravitational phenomena 
of a similar kind are large enough to admit of observation, in par- 
ticular the motions of the perihelia of the planets. And these show 
that gravitation is, so to speak, in league witii the other forces of 
nature to conceal motion through the ether; if material measuring 
rods experience the Fitzgerald-Lorentz contraction, tlicn the measures 
of length provided by the law of gravitation do the same. Yet as 
gravitation cannot be transmitted through the ether, it is hard to see 
how the measuring rods of the law of gravitation can be subject to 
this contraction. We can only conclude that the Fitzgerald-Lorentz 
contraction does not occur at all, and tins compels us to abandon the 
mechanical ether. 

We are compelled to start afresh. Our difficulties have ai! arisen 
from our initial assumption that everything in nature, and waves of 
light in particular, admitted of mechanical explanation: we tried in 
brief to treat the universe as a huge machine. As tins has led us into a 
wrong path, we must look for some other guiding principle. 

A safer guide than the will-o'-the-wisp of mechanical explanations 
is provided by Willian of Occam's principle: ‘*Entia non sunt multi- 
plicanda prxter necessitatemf ' (We must not assume the existence 
of any entity until we are compelled to do so.) Its philosophical 
content is identical with that of Newton's first rule of philosophical 
reasoning quoted above. It is purely destructive; it takes something 
away, in the present instance the assumption of a mcclmiical universe 
with an underlying ether transmitting mechanical action tlirough 
*"€mpty space/' and provides nothing to put in its place. 

The obvious way of filling the gap is to introduce the relativity 
principle: '‘Nature is such that it is impossible to determine absolute 
motion by any experiment whatever/' At first sight this may seem 
strange matter with which to fill die void caused by the withdrawal 
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of the ether: the two hypotheses are of such dijfferent natures that it 
may seem incredible that the second should be able to iSU the same 
hole as the first. Yet in actual fact one is almost exactly the antithesis 
of the other: the primary function of the ether was to provide a fixed 
frame of reference — all its other properties were ancillaries necessi- 
tated by our efforts to reconcile the observed scheme of nature with 
our preliminary assumption. In its essence, the theory of relativity 
merely implies the negation of this preliminary assumption, so that 
the two are exactly antithetical. 

Just because tliis is so, the issue between them is clear cut, and the 
experiment is capable of deciding it. The verdict is quite unambigu- 
ous; we have seen how all experimental efforts to detect an ether 
have failed, and in so doing have added confirmation to the hypoth- 
esis of relativity. Every single experiment ever performed has, so far 
as we know, decided in favour of the relativity hypothesis. 

In this way the hypothesis of a mechanical ether was dethroned, 
and the principle of relativity set to reign in its stead. The signal for 
the revolution was a short paper which Einstein published in June, 
1905. And with its publication, the study of the inner workings of 
nature passed from the engineer-scientist to the mathematician. 

Until this time, we had thought of space as something around us, 
and of time as something that flowed past us, or even through us. 
The two seemed to be in every way fundamentally different. We can 
retrace our steps in space, but never in time; we can move quickly, 
or slowly, or not at all, in space as we choose, but no one can 
regulate the rate of flow of time — it rolls on at the same even 
uncontrollable rate for all of us. Yet Einsteins first results, as 
interpreted by Minkowski four years later, involved the amazing 
conclusion that nature knew nothing of all this. 

We have already seen how matter is electrical in structure, so that 
all physical phenomena are ultimately electrical. Minkowski showed 
that tlxe theory of relativity required all electrical phenomena to be 
thought of as occurring, not in space and time separately, as had 
hitherto been thought, but in space and time welded together so 
thorouglily that it was impossible to detect any traces of a join, so 
thoroughly that the whole of the phenomena of nature were unable 
to divide the product into space and time separately. 
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When we weld together length and breadth, wc get an area — let 
us say a cricket field. The different players divide it up into its two 
dimensions in different ways; the direction which is '‘forwards” for 
the bowler is “backwards” for the batsman and is Ich-to-riglit for 
the umpire. But the cricket ball knows nothing of these distinctions: 
it goes where it is hit, directed only by laws of nature which treat 
the area of the cricket field as an indivisible whole, length and 
breadth being welded into a single imdiffcrcntiated unit. 

If we further weld together an area (sucli as a cricket field) of two 
dimensions, and height (of one dimension) wc obtain a space of three 
dimensions. So long as we do this near the earth, we can always call 
on gravity to separate our space out into “height” and “area”; for 
instance, dhe direction of height is that direction in which it is hardest 
to throw a cricket ball a given distance. But out in space, nature pro- 
vides no means of effecting this separation; her laws know nothing 
of our purely local concepts of horizontal and vertical, and treat 
space as consisting of three dimensions between which no differentia- 
tion is possible. 

By a process of welding we liavc passed in imagination from one 
dimension to two, and again from two to three. It is harder to pass 
from three to four because we have no direct experience of a four- 
dimensional space. And the four-dimcnsional space which wc par- 
ticularly want to discuss is peculiarly difficult to imagine because one 
of its dimensions docs not consist of ordinary space at all, but of 
time; to understand the theory of rclativicy, wc arc called on to 
imagine a four-dimcnsional space in which three dimensions of 
ordinary space are welded on to one dimension of time. 

Let us confront our difficulties singly, by first imagining a two- 
dimensional space obtained by welding together one dimension of 
ordinary space, namely length, and one dimension of time. Fig. 2 
may help us to understand the concept. It represents, in diagram- 
matic form, the running schedule of the Cornish Riviera Express, 
which leaves Paddington at 10.30 a.m. and reaches Plymouth, 226 
miles distant, at 2.30 p.m. The horizontal line represents the 226 mil’CS 
of track connecting the two stations, and the vertical line represents 
the interval of time from 10.30 a.im to 2.30 p.im on any day on 
which die train is running. 
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The thick line represents the progress of the train. For instance the 
point P on this line is opposite the time 12.0 noon, and above the 
distance 91 1 miles from Paddington, indicating that the train has 
travelled 91 ^ miles by noon. On the other hand a point such as Q 
represents a spot somewhere near Exeter at noon; it does not lie on 



Fig. 2. Diagram to illustrate the motion of a train 
in space and time. 


the thick line, because the train docs not reach Exeter by noon. The 
whole area of the diagram represents all possible spots on the Hqc 
between Paddington and Plymouth at all times between 10.30 a.m. 
and 2.30 p.m. Thus by welding together a length, namely 226 miles 
of track, and a time, namely four hours around midday, we have 
obtained an area having one dimension of space and one of time. 
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III the same way we can imagine the three dimensions of space and 
one dimension of time welded together, forming a foiir-dimcnsional 
volume which we shall describe as a *‘contiuuinm” Then the princi- 
ple of relativity, as interpreted by Minkowski, states that all the 
phenomena of electromagnetism may be tliought of as occurring in 
a continuum of four dimcnsions—thrcc dimensions of space and one 
of time— fn tiMch it is impossible to separate tin: space from the time in 
any absolute manner. In other words the continuum is one in which 
space and time arc so completely welded together, so perfectly 
merged into one, that the laws of nature make no distinction between 
them, just as, on the cricket field, length and breadth arc so pcricctly 
merged into one that the flying cricket ball makes no distinction 
between them, treating die field merely as an area in which length 
and breadth separately have lost all meaning. 

It may be objected that Fig. 2 gives no help towards imagining 
this continuum; that it is merely diagrammatic; that it docs not really 
represent the welding together of true time and length, but merely 
ojf one length with anotlicr length, which as every one knows gives 
an area— in this ease a page of the book. We need not linger over 
this objection because our final conciusioii will be that the four- 
dimensional continuum is, in much the same sense, also purely dia- 
grammatic, It merely provides a convenient framework in which to 
exhibit the workings of nature, just as Fig. 2 provides a convenient 
framework in which to exhibit the running of a train- 

Yet, just because we can exhibit all nature wuthin this framemmrk, 
it must correspond to some sort of an objective reality. But its 
division into space and time is not objective; it is merely subjective. 
-If you and I happen to be moving with different speeds, space and 
diknc mean something different to you from what they mean to me; 
ordin'Hvidc the continuum into space and time in dificrent ways, Just 
may hwc happen to be facing in different directions, ‘hii front** and 
made le left” have different meanings for the two of iis, or just as the 
which and the batsman divide up a cricket field in different ways of 
miles Cl the cricket ball knows iiotliing. Even if i change my own 
of trad of motion, by putting on the brakes of my car, or jumping on 
the a moving bus, I am re-arranging the division of the coiKiiiiwin 
wnto space and time for myself And die essence of die theory of 
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relativity is that nature knows nothing of these divisions of the con- 
tinuum into space and time; in Minkowski’s words: “Space and time 
separately have vanished into the merest shadows, and only a sort of 
combination of the two preserves any reaUty.” 

This shows in a flash why the old luminiferous ether had inevit- 
ably to fade out of the picture— it claimed to fill “all space,” and so 
to divide up tlie continuum objectively into time and space. And the 
laws of nature, not recognizing such divisions as a possibility, caimot 
recognize the existence of the ether as a possibility. 

Thus if we want to visualize the propagation of light waves and 
electromagnetic forces by drinking of them as disturbances in an 
ether, our ether must be something very different from the mechani- 
cal ether of Maxwell and Faraday. It may be thought of as a four- 
dimensional structure, filling up the whole continuum, and so ex- 
tending through all space and all time, in which case we can all enjoy 
the same ether. Or, if we want a three-dimensional ether, it must be 
subjective m a way in which the MaxweU-Faraday ether was not. 
Each of us muk then carry his own ether about with him, much as 
in a shower of rain each observer carries his own rainbow about with 
him. If I change my speed of motion I create a new ether for myself, 
just as, if I step a few paces in a sunny shower, I acquire a new rain- 
bow for myself. And unless the expanding universe described above 
(p. 42) is a pure illusion, every one’s ether must incessandy expand 
and stretch. Whether a structure of this kind ought to be called an 
ether, is open to question; it would be hard to find any property it 
has in common with the old nineteenth-century edier. Indeed, as the 
hypothesis of relativity is the exact negation of the existence of the 
old ether, it is clear that any ether that relativity can allow to remain 
in being must be the exact opposite of the old ether. Tliis 
it seems a mistaken effort to call them by the same name. 

I do not think there is any real divergence of opinion amoii^ 
pctent scientists on aU this. Sir Arthur Eddington truly to 
about half the leading physicists assert that the ether exists afjplong 
other half deny its existence, but continues: “Both parties m[*''>f 
exacdy the same thing, and are divided only by words.” Sir 01iv"*l 
Lodge, who has been the staunchest supporter of the objective exis ' 
tence of an ether in recent years, writes ; — 
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The ether in its various forms of energy doniiiiatcs UKHlcrn physics* though 
many prefer to avoid the term *‘etlier^* because of its iiiiieceeridi-ccntury 
associations, and use the term **spac:c.’' The term used docs not iiiucli matter* 


Clearly, if it is a matter of milijfFcrcncc whether wc speak of the 
ether or of space, of the existence or non-cxistcncc of the ether, then 
even its most ardent devotees cannot claim much objective reality 
for it. I think the best way of regarding the ether is as a frame of 
reference just as the diagram on page 67 is a frame of reference; its 
existence is just as real, and just as unreal, as that of the equator, or 
the north pole, or the meridian of Greenwich, It is a creation of 
thought, not of solid substance. Wc have seen how the ether, which 
is the same for all of us, as distinguished from your ether or my ether, 
must be supposed to pervade all time as well as all space, and that no 
valid distinction can be drawn between its occupancy of time and 
space. The framework in time to which wc must compare the time- 
dimension of the ether is of course ready to hand —it is die division 
of the day into hours, minutes and seconds. And unless we chink of 
this division as material, which no one ever does or has done, we are 
not justified in thinking of the ether as material. In the new light 
which the theory of relativity has cast over science, we see that a 
material ether filling space could only be accompanied by a material 
ether filling time — the two stand or fall together. 

Thus we seem on fairly safe ground in thinking of the ether as a 
pure abstraction; it is at best **a local habitation and a name/' Yet a 
local habitation for what? The universe consists only of waves, and 
wc first introduced the ether as the nominative of the verb “to imdu- 
latg/' This conception must now be abandoned, for the utterly iinsiib- 
rivsae ind ether we are now considering is as incapable of unduktion 
ordiiisvidtcquator or the meridian of Greenwidu It docs not of course 
may h^e diat nothing undulatory can be propagated tlirough liiis iin* 
matic ic 1(1 medium. We speak of a heat wave, or a suicide wave, and 
which-r^t ask for an undulating medium to convey tlicm. The heat 
miles ve miglit be propagated round the equator, and the suicide wave 
of tong the meridian of Greenwich. 

the It may be thought that, although wc can obtain no direct evidence 
'of the existence of the ether, yet we can find evidence of somedung 
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of the nature of waves passing through it, in all the phenomena 
which are generally taken to prove the undulatory nature of light — 
Newton’s rings, diffraction patterns, and interference phenomena in 
general. This, however, is not so, for again we have no knowledge 
of the supposed waves except where there are particles of matter to 
reveal them to us. The phenomena just mentioned give us no know- 
ledge of things passing through the ether, but only of things falling 
on matter. So far as we know, nothing at all is propagated that is 
more concrete than a mathematical abstraction — it is like astronomi- 
cal noon being propagated over the surface of the earth as the earth 
turns round under the sun. Yet I can imagine a physicist intervening 
with an objection at this stage; it would be something like this: — 

Physicist The simshine out of doors represents energy which was 
generated in the sun. Eight minutes ago it was in the sun; now it is 
here. Consequently it must have come from the sun, and so must 
have travelled through the space which intervenes between the sun 
and us. It seems to me, then, that energy must be propagated through 
the space which intervenes between the sun and us. It seems to me, 
then, that energy must be propagated through space. 

Mathematician, Let us make the question at issue as precise as pos- 
sible, Let us fix our attention on a definite parcel of sunlight, say 
that which falls on my book in the space of a second, as I sit reading 
out in the bright sunshine. This, you say, was in the sun eight 
minutes ago. Four minutes ago it was, I suppose, out in space, half- 
way between the sun and ourselves. Two minutes ago it was three- 
quarters of the way towards us? 

Physicist Yes; and that is what I call being propagated through 
space, energy moves from one bit of space to another. 

Mathematician, Your concept implies that at any instant the ffl'ffer-^ 
ent little bits of space are occupied by different amounts of energy^' 
If so, it ought of course to be possible to calculate or measure h/gy, 
much is in a given bit of space at a given instant. If you assume^s to 
the sun is at rest in an ether, and that sunlight is energy propa^long 
through this ether, then, I admit, you can get a quite definite answtof 
to the problem; Maxwell gave it in 1863. Also if you assume that tbsl 
sun, and of course the whole solar system with it, is moving steadily', 
dirough the ether at a known speed, say 1,000 miles a second, you 



72 THE MtSTEBIOUS UNIVERSE 

cm also get a definite answer to your problem. But—- and this is the 
crux of the matter— the two answers arc different. Will you tell me 
which is the right one? 

Physkisi. Obviously the first is right if the sun is at rest in the ether, 
and the second if the sun has a steady speed of 1,(XK) miles a second 
through the ether. 

MathemmdmL Yes, but we are in agreement that ''at rest in the 
ether'' means nothing at ail, and "a steady speed of 1,000 miles a 
second through the ether" means nothing at all If we try to attach 
any meaning to them, all the phenomena of nature insist that the 
same meaning must be attached to both. Consequently I find your 
answer meaningless. 

In some such way as this we find that the attempt to parcel out 
energy amongst the different parts of space leads to an ambiguity 
which cannot be resolved. It seems natural to suppose that our 
attempt is a misguided one, and that the partition of energy through 
space is illusory. 

And again, the attempt to regard the flow of energy as a concrete 
stream always defeats itself With a stream of water, we can say that 
a certain particle of water is now here, now there; with energy it is 
not so. The concept of energy flowing about through space is useful 
as a picture, but leads to absurdities and contradictions if we treat it 
as a reality. Professor Poynting gave a well-known formula which 
tells us how energy may be pictured as flowing in a certain way, but 
the picture is far too artificial to be treated as a reality; (or instance, 
if an ordinary bar-magnet is electrified and left standing at rest, tlie 
formula pictures energy flowing endlessly round and round the 
magnet, rather like innumerable rings of children joining hands and 
dancing to all eternity round a maypole. The mathematician brings 
DrdfJ}^' wL'oIe problem back to reality by treating this flow of energy as 
may mathematical abstraction. Indeed he is almost compelled to 

^lUrjtlicr zud treat energy itself as a mere inadicmatical abstracdoE 
Which.'0‘ constant of integration in a differential equation. If he docs 
Hiilcs becomes no more absurd that there should be two different 
^p|,j.alucs for the amounts of energy in a given region of space than that 
dicre should be two different times at the same place, such as sttE- 
dard and daylight-saving times hi New York, or civil and sidereal 
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times in an observatory. If he declines to do this, he is left to defend 
the untenable position that the universe is built, in a concrete way, 
of energy in its alternative forms of matter and radiation, and that 
energy cannot be localized in space. We shall discuss this situation 
further below (p. 98). 

Before proceeding to consider other developments of the theory 
of relativity, it seems appropriate to discard the word ‘ether” in 
favour of the term continuum,” this meaning the four-dimensional 
‘‘space” we have already imagined, in which the three dimensions 
of ordinary space are supplemented by time acting as a fourth 
dimension. 

Laws of nature express happenings in time and space, and so can 
of course be stated with reference to this four-dimensional con- 
tinuum. In discussing these laws quantitatively, it is found conveni- 
ent to imagine both time and space measured in a very special and a 
very artificial manner. We shall not measure lengths in terms of feet 
or centimetres, but in terms of a unit of about 186,000 miles, which 
is the distance that light travels in a second. And we shall not 
measure time in ordinary seconds, but in terms of a mysterious unit 
equal to a second multiplied by V" - 1 (the square root of - 1). 
Mathematicians speak of V ~ 1 as an “imaginary” number, because 
it has no existence outside their imaginations, so that we are measur- 
ing time in a highly artificial manner. If we are asked why we adopt 
these weird methods of measurement, the answer is that they appear 
to be nature’s own system of measurement; at any rate they enable 
us to express the results of the theory of relativity in the simplest 
possible form. If we are further asked why this is so, we can give no 
answer — ^if we could, we should see far deeper than we now do into 
the inner mysteries of nature. ^n* 

Let us, then, agree to use the weird system of measurem^^ 
described, and construct our continuum accordingly. Minmergy, 
showed that if the hypothesis of relativity is true, the statenices to 
the laws of nature must show no distinction between time and along 
when the continuum is constructed in the way just described; tof 
three dimensions of space and one of time enter as absolutely eqm\ 
partners into the formulation of every natural law. If they did not, 
the law would be at variance with the principle of relativity. 
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It wns .soon m^ticcil that Ncwtoiu faintnis law of gravitation did 
not confortn to tlic condition just stated, so fjiat cidter Newton’s law 
or the hypothesis of relativity was wrong,. Idnstciu cvaiiiiricd what 
alterations would have to be appha! to Newton’s law to bring it into 
coiifonnity \vith the hypothesis ofrelariviiy, and Ihuml tlnu fhencces* 
sary changes involved the appearance of tlirce new pheiuvnicna which 
were not implied in Newtoifs old law. In other words, nature pro- 
vided three distinct ways ordenditig tdastTvalioiudly txuwceii the 
laws of Einstein and Newton. When the test was made, the decision 
was iavourabk" to Einstein in every ease. 

Wliat we call the *‘bw of gravitatioif ' is, strictly speaking, nothing 
more than a mathematical formula giving the acccicratiisn of a mov- 
ing body — the rate at wdiich it changes its speed esf motion. Newton’s 
law lent itself to a rather obvious mcchanicai interpretation: a body 
moved in the same way as it would if it were **drawm off from its 
rectilinear motion” (to use Newton’s phrase) by a force propor- 
tional to the inverse square of the disiance. Newton accordingly 
-supposed siicli a force to exist; it was called the ”forcc of gravityd’ 
Einstein’s law did not lend itself to any such interpretation in terms 
of forces, or indeed to any mechanical interpretation wliatever — still 
another indication, if one were needed, that the age of mechanical 
science had passed. But it w'^as found to admit of an easy interpreta- 
tion in terms of geometry. The effect of a mass of gravitating matter 
was not, as Newton had imagiiiecl, to exude a ’*forcc,” but to dis^ 
tort the four-dimensional contiiuiuni in its neighbourhood. The 
moving planet or cricket bail was no longer drawn off from its 
rectilinear motion by the pull of a force, but by a ctirvanirc of the 
continuum, 

difficult enougli to imagine the four-dimensioml contiinium' 
ordill^ '^’'^*:hen tmdistorted, and still more so to imagine its distortions, 
may two-dimensional analogy of an area may help. Surfaces such 
matic ^^icket field or the skin of our hand arc two-tiimciisioiial con- 
wdiichcnS the analogies of the distortions produced fay gravitating masses 
miles ’t'* nrok hills or blisters. The cricket ball which rolls over a mole hill 
of '*drawn off from its rectilinear motion” like a comet or a ray of 
lE^Jight passing near the sun. And the combined distortions of the four- 
dimensional continuum produced by all die matter in the universe 
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cause the continuum to bend back on itself to form a closed surface 
so that space becomes ‘‘finite/’ with the results that have been already 
discussed in Chapter Two. 

Space and time as separate entities have already disappeared from 
the universe; gravitational forces now disappear also, leaving nothing 
but a crumpled continuum. Nineteenth-century science had reduced 
the universe to a playground of forces of only two kinds — ^gravita- 
tional forces which govern the my or phenomena of astronomy, 
besides keeping our bodies and possessions on the earth’s surface, and 
electromagnetic forces, which control all other physical phenomena, 
such as light, heat, sound, cohesion, elasticity, chemical change, and 
so forth. Now that gravitational forces have disappeared from science, 
it is natural to wonder why electromagnetic forces happen to survive, 
and how they figure in the continuum. Although the question is not 
finally settled, it seems likely that these, too, are destined to go the 
way of gravitational forces. Weyl and Eddington successively pro- 
pounded theories which dispensed with electromagnetic forces 
altogether, and tried to interpret all physical phenomena as conse- 
quences of the pecuHar geometry of the continuum. Both these 
proved open to objections; the fate of a more recent theory of the 
same type by Einstein is still in the balance. But whatever theory 
finally prevails, it seems fairly certain that in some way or other 
electromagnetic forces will ere long be resolved merely into a new 
type of crumpling of the continuum, essentially diferent in its 
geometry, but in no other respect, from that whose effects we 
describe as gravitation. If so, the universe will have resolved itself 
into an empty four-dimensional space, totally devoid of substance, 
and totally featureless except for the crumplings, some large and 
some small, some intense and some feeble, in the configuration of 
the space itself. 

What we have hitherto spoken of as the propagation of energy, 
such as the passage of sunlight from sun to earth, now reduces to 
nothing more than the continuity of a corrugated crumpling along 
a line in the continuum which extends over about eight minutes of 
our terrestrial time and about 92,500,000 miles of our terrestrial 
length. We now see that we cannot picture it as the propagation 
of anything concrete or objective through space unless we first 
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divide tlic contiiiutim objectively into space and time, and tliis is 
precisely what we are forbidden to do. 

To sum up, a soap bubble with irregularities and corrugations on 
its surface is perhaps the best representation, in terms of simple and 
familiar materials, of the new universe revealed to us by the theory 
of relativity. The universe is not the interior of tlie soap bubble but 
its surface, and we must always remember that, while the surface of 
the soap bubble has only two dimensions, the universe bubble has 
four — three dimensions of space and one ot time. And the substance 
out of which this bubble is blown, the soap film, is empty space 
welded on to empty time. 



CHAPTER FIVE 


INTO THE DEEP WATERS 

L et us sTUDYin more detail this soap bubble, blown of empti- 
ness, by which modem science portrays the universe. Its surface 
is richly marked with irregularities and corrugations. Two main kinds 
may be discerned, which we interpret as radiation and matter, 
the ingredients of which the universe appears to us to be 
built. 

Markings of the first kind represent radiation. All radiation travels 
at the same uniform speed of about 186,000 miles a second. If the 
train in Fig. 2 (p. 67) had travelled at a uniform speed of a mile a 
minute, its motion would have been represented by a perfectly 
straight line inclined at an angle of 45° to the vertical. A succession 
of trains all moving uniformly at a mile a minute would be repre- 
sented by a lot of lines all parallel to tliis. Now let us change our 
standard speed from a mile a minute to 186,000 miles a second, and 
replace the one direction from London to Plymouth by all the direc- 
tions in space. The diagram on page 67 now becomes replaced by 
the four-dimensional continuum, and radiation is represented by a 
set of lines aU making the same angle (45°) vdth the direction of 
time advancing. 

Markings of the second kind represent matter. This moves through 
space at a variety' of different speeds, but all are small in comparison 
with the speed of light. To a first rough approximation, we may 
regard all matter as standing still in space, and moving forward only 
in time, so that the markings which represent it run in the direction 
of time advancing, just as, if the train whose journey is shown in 
Fig. 2 (p. 67) were to stop at a station, its stay there would be 
represented by a bit of vertical line. 

The markings which represent matter tend to form broad bands 
across the surface of the soap bubble, like broad streaks of paint on 
a canvas. This is because the matter of the universe tends to aggregate 
into large masses— stars and other astronomical bodies. These bands 
or streaks are known as ** world lines^*; the world line of the sun 
traces out the position of the sun in space which corresponds to each 
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and indestructible, the thread-like world lines of the atoms traverse 
the whole length of the picture in the direction of time advancing. 
But if atoms are aimihilated, the threads may end abruptly and tassels 
of world lines of radiation spread out from their broken ends. As 
we move timewards along the tapestry, its various threads for ever 
shift about in space and so change their places relative to one another. 
The loom has been set so that they are compelled to do this according 
to definite rules wliich we call the “laws of nature.’’ 

The world line of the earth is a smaller cable, made up of several 
strands, these representing the mountains, trees, aeroplanes, human 
bodies and so on, the aggregate of which makes up the earth. Each 
strand is made up of many threads — the world Hues of its atoms. A 
strand which represents a human body does not differ in any observ- 
able essentials from the other strands. It shifts about, relatively to the 
other strands, less freely than an aeroplane, but more freely than a 
tree. Like the tree, it begins as a small thing and increases by continual 
absorption of atoms from outside — ^its food. The atoms of which it 
is formed do not differ in essentials from other atoms; exactly similar 
atoms enter into the composition of mountains, aeroplanes 
and trees. 

Yet the threads which represent the atoms of a human body have 
the special capacity of conveying impressions through our senses to 
our minds. These atoms affect our consciousness directly, while all 
the other atoms of the universe can only affect it indirectly, through 
the intermediary of these atoms. We can most simply interpret con- 
sciousness as something residing entirely outside the picture, and 
making contact with it only along the world lines of our bodies. 

Your consciousness touches the picture only along your world Hne, 
mine along my world line, and so on. The effect produced by this 
contact is primarily one of the passage of time; we feel as if we were 
being dragged along our world line so as to experience the different 
points on it, which represent our states at the different instants of 
time, in turn. 

It may 'be that time, from its beginning to the end of eternity, is 
spread before us in the picture, but we are in contact with only one 
instant, just as the bicycle-wheel is in contact with only one point of 
the road. Then, as Weyl puts it, events do not happen; we merely 
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corae across tliem. Or, as Plato expressed it twenty-three centuries 
earlier in the Timaeus : — 

The past and future arc created species of time which we unconsciously but 

wrongly transfer to the eternal essence. We say “was,’^ be/* but 

the truth is that “is’* can alone properly be used. 

In this case, our consciousness is like that of a fly caught in a dusting- 
mop which is being drawn over the surface of the picture; the whole 
picture is there, but the fly can only experience the one instant of 
time with which it is in immediate contact, although it may remem- 
ber a bit of the picture just behind it, and may even delude itself into 
imagining it is helping to paint those parts of the picture which lie 
in front of it. 

Or again, it may be that our consciousness should be compared 
to the feeling in the finger of the painter as he guides the brush 
forward over the still unfinished picture. If so, the impression ofinflu- 
cncing the parts of the picture yet to come is si>mctliing more than a 
pure illusion. At present science can tell us very little as to the way 
in which our consciousness apprelicuds the picture; it is concerned 
mainly with die nature of the picture. 

We have seen how the ether which was at one time supposed to 
fill the universe has been reduced to an abstraction, a framework of 
empty space, amounting to nothing more than the spatial dimen- 
sions of a soap bubble, whose soap-film consists of vacancy. The 
waves which were at one time supposed to traverse this ether have 
also been reduced to little more than an abstraction: they are corru- 
gations on a cross-sccdon of die bubble by dine. 

This i|ua!ity of abstractness in what were at one time regarded as 
materia! *Vthcr-wavcs’* recurs in a far more acute ibrm when we 
turn to the system of waves which make up an clcccran. The 'Tthed* 
ill icnm of which we find it conveniiuit it> explain ordinary radiation 
—say, sunlight— has three dimensions tii/spacc, in addition to its one 
dimension of time. So also has the ether in which we describe the 
waves which constitute a single electron isolated in space; iliis may 
or may not be the same ether as before, but it k similar in having 
dircc dimensions of space and one of time. But a single clecaron 
isolated in space provides a perfectly eventless universe, the simplc$t 
conceivable event occurring when two electrons meet one another* 
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And to describe, in its simplest terms, wliRt bappetis wlien two elec- 
trons meet one another, the wave-mechanics asks for a system of 
waves in an ether which has seven dimensions; six are of space, three 
for each of the electrons, and one is of time. To describe a meeting 
of three electrons, we need an ether of ten dimensions, nine of space 
(again three for each electron) and one of time. Were it not for the 
last dimension of time which binds all the others together, the various 
electrons would all exist in separate non-communicating three- 
dimensional spaces. Thus time figures as the mortar which binds the 
bricks of matter together, much as, on the spiritual plane, the 
‘Vindowless monads’’ of Leibnitz were bound together by the uni- 
versal mind. Or, perhaps with a nearer approach to actuality, we 
may think of the electrons as objects of thought, and time as the 
process of tliinking. 

Most physicists would, I think, agree that the seven-dimensional 
space ill which tlie wave-mechanics pictures the meeting of two 
electrons is purely fictitious, in which case the waves which accom- 
pany the electrons must also be regarded as fictitious. Thus Professor 
Schrodinger, writing of the seven-dimensional space, says that 
although it 

has quite a definite physical meaning, it cannot very well be said to “exist”; 
hence a wave-motion in this space cannot be said to “exist” in the ordinary 
sense of the word either. It is merely an adequate mathematical description of 
what happens. It may be that also in the case of one single (electron), the 
wave-motion must not be taken to “exist” in too literal a sense, although the 
configuration-space happens to coincide with ordinary space in this particu- 
larly simple case. 

Yet it is hard to see how we can attribute a lower degree of reality 
to the one set of waves than to the other: it is absurd to say that the 
waves of single electrons are real, while those of pairs of electrons are 
fictitious. And the waves of single electrons are real enough to record 
themselves on a photographic j)late and produce the patterns shown 
in Frontispiece Plate IL We can only regain complete consistency by 
supposing all the waves, those of two electrons, those of one electron, 
and the waves on Professor Thomson’s photographic plate, to have 
the same degree of reality or unreality. 

Some physicists meet this situation by regarding the electron- 
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waves as waves of probability. When we speak of a tidal-wave we 
mean a material wave of water which wm cvcrydiing in its path. 
When we speak of a heat-wave we mean somctliing which, although 
not material, warms up everything in its path. But wlicn the evening 
papers speak of a suicidc-wavc, they do not mean that each person 
in the path of the wave will commit suicide; they merely mean that 
the likelihood of his doing so is increased. If a suicidc-wavc passes 
over London, the death-rate from suicide goes up; if it passes over 
Robinson Crusoe’s Island, the probability that the sole inhabitant will 
kill himself goes up. The waves which represent an electron in the 
wave-mechanics may, it is suggested, be probability-waves, whose 
intensity at any point measures the probability of the electron being 
at that point. 

Thus at each point on Professor Thomson’s plate (Figs. 2 and 3, 
Frontispiece Plate 11), the wave-intensity measures the probability 
that a single diffracted electron would hit the plate at that spot. 
When a whole crowd of electrons is diffracted, the total number 
which liit any spot is, of course, proportional to the probability of 
each individual hitting the spot, so that the darkening of the plate 
gives a measure of the probability per electron. 

This view has the great merit that it enables the electrons to pre- 
serve their identity. If the eketron-w^aves were true material waves, 
each system of waves would probably be tiispersed by the experi- 
ment, .so tliat no electrified particles would survive as such in the 
diffracted beam. Indeed, any encounter with matter would break up 
elcctrtms, which could not be regarded as permanent structures. 
Actually, of course, it is the shower of electrons, rather than tlic 
individual, that is diffracted; the individual electrons move as par- 
ticles and retain their identity as such. 

All this is in accordance with Heisenberg’s ^‘uncertainty principle’* 
(p. 17), which makes it impossible ever to say: “An electron is here, 
at this precise spot, and is moving at just so many miles an hour**; 
it is also in accordance with the general principle of Dirac, which has 
already been explained (p. 19). Yet these two principles alone are 
not enough to specify the full nature of the electron-waves. 

Heisenberg and Bohr have suggested that dicse waves must be 
regarded merely as a sort of symbolic representation of our know- 
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ledge as to die probable state and position of an electron. If so, they 
change as our knowledge changes, and so become largely subjective. 
Thus we need hardly think of the waves as being located in space 
and time at all; they are mere visualizations of a mathematical formula 
of an undulatory, but wholly abstract, nature. 

A still more drastic possibility, again arising out of a suggestion 
made by Bohr, is that the minutest phenomena of nature do not 
admit of representation in the space-time framework at all. On diis 
view the four-dimensional continuum of the theory of relativity is 
adequate only for some of the phenomena of nature, these including 
large-scale phenomena and radiation in free space; other phenomena 
can only be represented by going outside the continuum. We have, 
for instance, already tentatively pictured consciousness as something 
outside the continuum, and have seen how the meeting of two elec- 
trons can most simply be pictured in seven dimensions. It is conceiv- 
able that happenings entirely outside the continuum determine what 
we describe as the “course of events’’ inside the continuum, and that 
the apparent indeterminacy of nature may arise merely from our 
trying to force happenings which occur in many dimensions into a 
smaller number of dimensions. Imagine, for instance, a race of blind 
worms, whose perceptions were limited to the two-dimensional 
surface of the eartli. Now and then spots of the earth would sporadic- 
ally become wet. We, whose faculties range through three dimen- 
sions of space, call the phenomenon a rain-shower, and know that 
events in the third dimension of space determine, absolutely and 
uniquely, wliich spots shall become wet and which shall remain dry. 
But if the worms, unconscious even of the existence of the third 
dimension of space, tried to thrust all nature into their two-dimen- 
sional framework, they would be unable to discover any determinism 
in the distribution of wet and dry spots; the worm-scientists would 
only be able to discuss the wetness and dryness of minute areas in 
terms of probabilities, which they would be tempted to treat as 
ultimate truth. Although the time is not yet ripe for a decision, this 
seems to me, personally, the most promising interpretation of the 
situation. Just as the shadows on a wall form the projection of a 
three-dimensional reality into two dimensions, so the phenomena of 
the space-time continuum may be four-dimensional projections of 

M.S.X. — X) 
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realities which occupy more than four dimensions, so tliat events in 
time and space become 

no other than a moving row 
of Magic Shadow-shapes that come and go. 

It may perhaps be objected that we have paid altogether too much 
attention to the wave-mechanics, which after all is only a mathe- 
matical picture, when probably inniimerabic other iiiathcmatical 
pictures might serve equally well, and might lead to entirely different 
conclusions. 

It is true that the wwc-mechanics picture can make no claim to 
uniqueness. Other systems are in the field, particularly those of 
Heisenberg and Dirac. Yet in the main these only say the same thing 
in other, and frequently more complicated, words. No otlier system 
yet devised explains things so simply, or seems to be so true to nature, 
as the wave-mechanics of de Broglie and Sdirddingcr. Photographs 
such as those showm in Frontispiece Plate 11 bear witness that waves 
of definite wave length arc somehow fundamental in nature’s scheme; 
these waves form the fundamental concept of the wave-mechanics, 
but only appear as rather far-fetched by-products in the other 
systems. Also, just because of its inherent simplicity, the wave- 
rncchanics has shown a capacity for penetrating much further into 
the secrets of nature than any other system, so that other systems arc 
already falling somcwliat into the background. To vary our meta- 
phor, they have served a valuable purpose as scaffolding, but there 
seems to be but little inclination to adri to them further. 

If then we arc to concentrate on one picture, we seem Justified in 
selecting that provided by the wavc-mcchanics, although in point 
of fact either the system of Heisenberg or that of Dirac would lead 
us to very much the same conclusion. The essential fact is simply that 
all the pictures which science now draws of nature, and which alone 
seem capable of according with obscrvatioiml fact, arc mathmmliml 
pictures. 

Most scientists would agree that diey arc iiodiing more than 
pictures — fictsom if you like, if by fiction you mean that science m 
not yet in contact with ultimate reality. Many would hold that, from 
die broad philosophical standpoint, die outstanding achievement of 
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twentieth-century physics is not the theory of relativity with its 
welding together of space and time, or the theory of quanta with its 
present apparent negation of the laws of causation, or the dissection 
of the atom with the resultant discovery that things are not what 
they seem; it is the general recognition that we are not yet in contact 
with ultimate reality. To speak in terms of Plato's well-known simile, 
we are still imprisoned in our cave, with our backs to the light, and 
can only watch the shadows on the wall. At present the only task 
immediately before science is to study these shadows, to classify them 
and explain them in the simplest possible way. And what we are 
finding, in a whole torrent of surprising new knowledge, is that the 
way which explains them more clearly, more fully and more natur- 
ally than any other is the mathematical way, the explanation in terms 
of mathematical concepts. It is true, in a sense somewhat different 
from that intended by Galileo, that ‘‘Nature’s great book is written 
in mathematical language.” So true is it that no one except a mathe- 
matician need ever hope fully to understand those branches of science 
which try to unravel the fundamental nature of the universe — the 
theory of relativity, the theory of quanta and the wave-mechanics. 

The shadows which reality throws on to the wall of our cave might 
a priori have been of many kinds. They might conceivably have been 
perfectly meaningless to us, as meaningless as a cinematograph film 
showing the growth of microscopic tissues would be to a dog who 
had strayed into a lecture-room by mistake. Indeed, our earth is so 
infinitesimal in comparison with the whole universe, we, the only 
thinking beings, so far as we know, in the whole of space, are to all 
appearances so accidental, so far removed from the main scheme of 
die universe, that it is a priori all too probable that any meaning that 
the universe as a whole may have, would entirely transcend our 
terrestrial experience, and so be totally unintelHgible to us. In this 
event, we should have had no foothold from wliich to start our 
exploration of the true meaning of the universe. 

Although this is the most likely event, it is not impossible that 
some of the shadows thrown on to the walls of our cave might 
suggest objects and operations with which we cave-dwellers were 
already familiar in our caves. The shadow of a falling body behaves 
like a falling body, and so would remind us of bodies we had our- 
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selves let flill; we should be tempted to interpret such shadows in 
mcchatiical terms. This explains the mechanical pliysics of the last 
century; the shadows reminded our scientific predecessors of the 
behaviour of jellies, spinning-tops, thrust-bars, and cog-wheels, so 
that they, mistaking the siiadow for the substance, believed they saw 
before them a universe of jellies and mechanical devices. We know 
now that the interpretation is conspicuously iiiadecjiiatc: it fails to 
explain the sitnplest phenoinena, the propagation of a sunbeam, the 
composition of radiation, the fall of an apple, or the whirl of 
electrons in the atom. 

Again, the shadow of a game of clicss, played by the actors out in 
the sunlight, would remind us of the games of chess we had played 
in our cave. Now and then we might recognize knights' moves, or 
observe castles moving sinnikancously witli kings and queens, or 
discern other characteristic moves so similar to tliosc we w'cre accus- 
tomed to play that they could not be attributed to chance. We would 
no longer think of the external reality as a machine; the details of 
its operation might be mechanical, but in essence it would be a reality 
of thought: we should recognize the clicss p!a\'ers out in the sunlight 
as facings governed by minds like our own; we should find the 
counterpart of our own thoughts in the reality whicli was for ever 
inacccssibic to our direct observation. 

And wdicn scientists study the world of pheiumicna, the shadows 
which nature throws on to the wall of our cave, they do not find 
tiicsc shadows totally unintelligible, and iicitlicr do they seem to 
represent unknown or unfamiliar objecTs. Ratljcr, it seems to me, we 
can recognize chess players outside in the stinshinc who appear to be 
very^ well acquainted with the rules of the game nn* have/mnuktei 
them in mm\ To drop our metaphor, nature seems very conver- 
sant with the rules of pure matlieniatics, as our mathematicians have 
formulated them in their studies, out of'tlicir own inner conscious- 
ness and without drawing to any appreciable extent on their experi- 
mcc of the outer ’world. By **pyre mathematics'' is meant those 
departments of mathemaiia which arc creations of pure thought, of 
reason operating solely within her own sphere, as Ci>ntrasted with 
^*app!kd mathematics*’' which rcasi>ns about the external world, after 
first taking some supposed property of the external world as its raw 
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material. Descartes, looking round for an example of the produce of 
pure thought uncontaminated by observation (rationalism), chose 
the fact that the sum of the three angles of a triangle was necessarily 
equal to two right angles. It was, as we now know, a singularly 
unfortunate choice. Other choices, far less open to objection, might 
easily have been made, as, for instance, the laws of probability, the 
rules of manipulation of ‘Imaginary’’ numbers — ^i.e., numbers con- 
taining the square roots of negative quantities — or multi-dimensional 
geometry . All these branches of mathematics were originally worked 
out by the mathematician in terms of abstract thought, practically 
uninfluenced by contact with the outer world, and drawing nothing 
from experience: they formed 

an independent world 
created out of pure intelligence. 

And now it emerges that the shadow-play which we describe as 
the fall of an apple to the ground, the ebb and flow of the tides, the ^ 
motion of electrons in the atom, are produced by actors who seem 
very conversant with these purely mathematical concepts— with our 
rules of our game of chess, which we formulated long before we 
discovered that the shadows on the wall were also playing chess. 

When we try to discover the nature of the reality behind the 
shadows, we are confronted with the fact that all discussion of the 
ultimate nature of things must necessarily be barren unless we have 
some extraneous standards against which to compare them. For this 
reason, to borrow Locke’s phrase, “ the real essence of substances” is 
for ever unknowable. We can only progress by discussing the laws 
which govern the changes of substances, and so produce the pheno- 
mena of the external world. These we can compare with the abstract 
creations of our own minds. 

For instance, a deaf engineer studying the action of a pianola might 
try first to interpret it as a machine, but would be baffled by the 
continuous reiteration of the mtervals 1, 5, 8, 13 in the motions of its 
trackers. A deaf musician, although he could hear nothing, would 
immediately recognize this succession of numbers as the intervals of 
the common chord, while other successions of less frequent occur- 
rence would suggest other musical chords. In this way he would 



88 THE MYSTEIUOUS UNIVEESE 

recognize a kinship between his own thoughts and the thoughts 
which had resulted in the making of the pianola; he would say that 
it had come into existence through the thought of a musician. In the 
same way, a scientific study of tlic action of the universe has suggested 
a conclusion which may be summed up, though very crudely and 
quite inadequately, because we have no language at our command 
except tliat derived from our terrestrial concepts and experiences, in 
the statement that the universe appears to have been designed by a 
pure mathematician. 

This statement can hardly hope to escape cliallengc on the ground 
that we arc merely moulding nature to our pre*conccivccf ideas. The 
musician, it will be said, may be so engrossed in music that he would 
contrive to interpret every piece of mechanism as a musical instru- 
ment; the habit of thinking of all intcrv^'als as musical intervals may 
be so ingrained in him that if he fell downstairs and bumped on stairs 
numbered 1, 5, 8 and 13 he would see music in his fall In the same 
way a cubist painter can see nothing but cubes in the indescribable 
richness of nature — and the unreality of his pictures shows how far 
he is from understanding nature; his cubist spectacles arc mere blink- 
ers which prevent his seeing more than a minute fraction of the great 
world around him. So, it may be suggested, the mathematician only 
secs nature through the mathematical blinkers he has fashioned for 
himself. We may be reminded that Kant, discussing the various 
modes of perception by which die human mind apprelicnds nature, 
concluded that it is specially prone to sec nature tluough mathe- 
matical spectacles. Just as a man wearing blue spectacles would sec 
only a blue world, so Kant thought that, witlj our mental bias, we 
tend to see only a mathematical world. Docs our argument merely 
exemplify this ok! pitfall, if such it is? 

A mo'incnt's reflection will show that this can liardly be the whole 
story. The new mathematical interpretation ofnattire cannot all be 
in our spectacles — in our subjective way of regarding the external 
world— since if it were we should have seen it lung »ago. The human 
mind was the same in quality and mode of action a century ago as 
now; the recent great change in scientific outlook has resulted front a 
vast advance in scientific knowledge and not from any change in the 
human mind; we have found something new and hitherto unknown 
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in the objective universe outside ourselves. Our remote ancestors 
tried to interpret nature in terms of anthropomorpliic concepts of 
their own creation and failed. The efforts of our nearer ancestors to 
interpret nature on engineering lines proved equally inadequate. 
Nature refused to accommodate herself to either of these man-made 
moulds. On the other hand, our efforts to interpret nature in terms 
of the concepts of pure mathematics have, so far, proved brilliantly 
successful. It would now seem to be beyond dispute that in some 
way nature is more closely allied to the concepts of pure mathematics 
than to those of biology or of engineering, and even if the mathe- 
matical interpretation is only a third man-made mould, it at least 
fits objective nature incomparably better than the two previously 
tried. 

A hundred years ago, when scientists were trying to interpret the 
world mechanically, no wise man came forward to assure them that 
the mechanical view was boimd to prove a misfit in the end — that 
the phenomenal universe would never make sense until it was pro- 
jected on to a screen of pure mathematics: had they brought forward 
a convincing argument to this effect, science might have been saved 
much fruitless labour. If the philosopher now says: “What you have 
found is nothing new: I could have told you that it must be so all the 
time,'' the scientist may reasonably inquire: “Why, then, did you 
not tell us so, when we should have found the information of real 
value?" 

Our contention is that the universe now appears to be mathe- 
matical in a sense different from any which Kant contemplated or , 
possibly could have contemplated-— in brief, the mathematics enters 
the universe from above instead of from below. 

In one sense it may be argued that everything is mathematical. 
The simplest form of mathematics is arithmetic, the science of 
numbers and quantities — and these permeate the whole of life. For 
instance, commerce, which consists largely of the arithmetical opera- 
tions of book-keeping, stock-taking and so on, is in a sense a mathe- 
matical occupation — but it is not in this sense that the universe now 
appears to be mathematical. 

Again, every engineer has to be something of a mathematician; 
if he is to calculate and predict the mechanical behaviour of bodies 
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with accuracy, he must use mathematical knowledge and look at his 
problems through mathematical spcctaclcs~biit again it is not in this 
way that science has begun to sec the universe as inathcniatical The 
mathematics of the engineer differs from the mathemadcs of the 
shopkeeper only in being far more complex- It is stil! a mere tool for 
calculation; instead of evaluating stock-in-trade or profits, it 
evaluates stresses and strains or electric currents. 

On die otlier hand, Plutarch records that Plato used to say that 
God tor ever geometrizes— /7A4ra»v cAcyc rhv Behv tuX yca^i^rp^lv — ^ 
and he sets an imaginary symposium at work to discuss what Plato 
meant by this. Clearly he meant something quite different in kind 
from what wc mean when wc say that the banker for ever arith- 
metizes. Among the illustrations given by Plutarch arc: that Plato 
had said that geometry sets limits to what would otherwise be 
unlimited, and that he had stated that (lod had constructed the 
universe on the basis of the five regular solids— he believed that the 
particles of earth, air, fire and water had the shapes of cubes, octa- 
hedra, tctralicdra and icosahedra, while the universe itself was shaped 
like a diiidccahcdron. To these may perhaps be added Plato’s belief 
that the distances of the sun, moon and planets were *‘in the propor- 
tion of the double intervals,” by which he meant the sequence of 
integers which arc pow'crs of either 2 or 3— namely 1,2, 3, 4, 8, 9, 27. 

If any of these considerations retain any shred of validity today, it 
is the first— the universe of the theory of relativity is finite just 
because it is geometrical The idea tiiat the four elements and the 
uni\xTsc were in any way related to the five regular solids was, of 
course, mere fancy, and the true distances of the sun, moon and 
planets bear alisolutcly no relation to Plato’s numbers. 

I’wo thousand years after Plato, Kepler spent much time and 
energy in trying to relate the sizes of the planetary orbits to musical 
intervals and geometrical constructions; pcrliaps he, hoped to 
discover that the orbits had becr^ arranged by a musician or a geo- 
meter. Indeed, at one time lie believed he had found that the ratios 
of the orbits were related to the geometry of the five regidar solids. 
If this supposed fact had been known to Plato, what a proof he might 
Iiave seen in it of the geometriaing propensities of the deity! Kepler 
himself wrote: **The interne pleasure I have received from diis dis- 
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covery can never be told in words.” It need hardly be said that the 
great discovery was fallacious. Indeed, our modem minds imme- 
diately dismiss it as ridiculous; we find it impossible to thinV of the 
solar system as a finished product, the same today as when it 
from the hand of its maker; we can only think of it as something 
continually changing and evolving, working out its own future from 
its past. Yet if we can momentarily give a sufficiently medieval cast 
to our thoughts, and imagine anything so fanciful as that Kepler’s 
conjecture should have been true, it is clear that he would have been 
entitled to draw some sort of inference from it. The matlieTnanVs 
which he had found in the universe would have been something 
more than he had himself put in, and he could legitimately have 
argued that there was inherent in tlie universe a mathematics addi- 
tional to that which he had used to unravel its design; he might have 
argued, in anthropomorphic language, that his discovery suggested 
that the universe had been designed by a geometer. And he need no 
more have troubled about die criticism that the mathematics he had 
discovered resided merely in his own mathematical spectacles, than 
the angler who catches a big fish by using a litde fish as bait need be 
worried by the comment: "Yes, but I saw you put the fish in 
yourself.” 

Let us take a more modem and less fanciful example of the samp 
thing. Fifty years ago, when there was much discussion on the prob- 
lem of communicating with Mars, it was desired to notify the 
supposed Martians that thinking beings existed on the planet Earth, 
but the difficulty was to find a language understood by both parties. 
The suggestion was made that the most suitable language was that 
of pure mathematics; it was proposed to light chains of bonfires in 
the Sahara, to form a diagram illustrating the famous theorem of 
Pythagoras, diat the squares on die two smaller sides of a right-angled 
triangle are together equal to the square on the greatest side. To most 
of the inhabitants of Mars such signals would convey no meaning, 
but it was argued that mathematicians on Mars, if such existed, would 
surely recognize them as the handiwork of mathematicians on earth. 
In so doing, they would not be open to the reproach that they saw 
mathematics in everything. And it seems to me that the situation is 
similar, mutatis mutandis, with the signals from the outer world of 

M.S.T. — 
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reality which form the shadows on the walls of the cave in which we 
arc iniprisoncil. We cannot interpret these as shadows cast hy living 
actors nor as shadow's cast by a machine, but the pure mathematician 
recognizes them as representing the kind of ideas with which he is 
already familiar in his studies. 

Wc could not, of course, draw any conclusion from this if the 
concepts of pure mathematics w'hicli we find to be inherent in the 
structure of the universe w^crc merely part of, or had been introduced 
through, the concepts of applied mathematics which wc used to dis- 
cover the w^'jrkings of the universe. Ic would prove nothing if nature 
had merely been found to act in accordance with the concepts of 
applied matlicmatics; these concepts were specially and deliberately 
designed by man to fit the workings of nature. Thus it may still be 
objected that even our pure mathematics does not in actual fact 
represent a creation of our own minds so much as an effort, based on 
forgotten or subconscious memories, to understand the workings of 
nature. If so, it is not surprising that nature should be found to work 
according to the laws of pure mathematics. It cannot, of course, be 
denied that some of the concepts with w^hich the pure mathematician 
works arc taken direct from his experience of nature. An obvious 
instance is the concept of quantity, but this is so fundamental that it 
is hard to imagine any scheme of nature from which it was entirely 
excluded. Other concepts borrow at least something from experi- 
ence; for instaiiccv muid-dimcnsional geometry, which clearly origi- 
nated out of experience of the three dimensions of space. It, however, 
the more intricate concepts of pure mathematics have been traas- 
plantcd from the workings of nature, they must have been buried 
very deep indeed in our sub-conscious minds. This very controversial 
possibility is one w'hkh cannot be entirely dismissed, but it is cxcecd- 
ingly hard to believe that such intricate concepts as a finite curved 
space and an expanding space can have entered into pure mathematics 
through any sort of unconscious or sub-conscious experience oi the 
workings of the actual universe. In any event, it can, hardly be 
disputed that nature and our conscious mathematical minds work 
iaccording to the same laws. She does not mode! her behaviour, so 
to speak, on that forced on us by our whims and passions, or on that 
of our muscles and joints, but on that of our thinking minds. This 
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remains true whether our minds impress their laws on nature, or she 
impresses her laws on us, and provides a sufficient justification for 
thinking of the universe as being a mathematical design. Lapsing 
back again into the crudely anthropomorphic language we have 
already used, we may say that we have already considered with dis- 
favour the possibility of the universe having been planned by a 
biologist or an engineer; from the intrinsic evidence of his creation, 
the Great Architect of the Universe now begins to appear as a pure 
mathematician. 

Personally, I feel that this train of thought may, very tentatively, 
be carried a stage further, although it is difficult to express it in exact 
words, again because our mundane vocabulary is circumscribed by 
our mundane experience. The terrestrial pure mathematician does 
not concern himself with material substance, but with pure thought. 
His creations are not only created by thought but consist of thought, 
just as the creations of the engineer consist of engines. And the con-' 
cepts which now prove to be fundamental to our understanding of 
nature — a space which is finite; a space which is empty, so that one 
point differs from another solely in the properties of the space itself; 
four-dimensional, seven- and more dimensional spaces; a space which 
for ever expands; a sequence of events which follows the laws of 
probability instead of the law of causation — or, alternately, a sequence 
of events which can only be fully and consistently described by 
going outside space and time — all these concepts seem to my mind 
to be structures of pure thought, incapable of realization in any sense 
which would properly be described as material. 

For instance, any one who has written or lectured on the finiteneiss 
of space is accustomed to the objection that the concept of a finite 
space is self-contradictory and nonsensical. If space is finite, our 
critics say, it must be possible to go out beyond this finite space, and 
what can we possibly find beyond it except more space, and so on 
(jd injinitum ? — ^which proves that space cannot be finite. And again, 
they say, if space is expanding, what can it possibly expand into, if 
not into more space? — ^which again proves that what is expanding 
can only be a part of space, so that the whole of space cannot 
expand. 

, The twentieth-century critics who make these comments are still 
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ill the state of niincl of the nineteentlK'cntiiry scientists; tht'y take it 
for granted that the universe must admit of materia! representation. 
If we grant their premisses, we muse, I think, ako grant their conclu- 
sion— that we arc talking iioiisensc— for their h »gic is irrefutable. But 
modern science cannot possibly grant their coiiciusion; it insists on 
the fiiiiteiiess of space at all costs, Hik, of course, means that we must 
deny die premisses which our critics unknowingly assume. The 
universe cannot admit of material representation, and the reason, I 
think, is that it has become a mere mental concept 

It is the same, I think, with other more technical concepts, typified 
by the ‘"exclusion principle/^ which seem to imply a sort of “action- 
at-a-distance'’ in both space and time— as though every bit of the 
universe knew what other distant bits were doing, and acted accord- 
ingly. To my mind, the laws which nature obeys are less suggestive 
of those which a machine obeys in its motion than of those which a 
musician, obeys in writing a fugue, or a poet in composing a sonnet 
The motions of electrons and atoms do not resemble those of die 
parts of a locomotive so much as those of the dancers in a cotillion. 
And if the “true essence of substances” is for ever unknowable, it 
docs not matter %vhcthcr the cotillion is danced at a ball in real life, 
or on a, cinematograph screen, or in a story of Boccaccio. If all this 
is so, then the universe can be best pictured, although still very 
imperfectly and inadequately, as consisting of pure thought, the 
tliought of what, for wane of a wider word, we must describe as a 
mathematical thinker. 

And so we are led into the heart of die problem of the relation 
between mind and xnatter. Atomic disturbances in the distant son 
cause it to emit light and heat. After “travelling through the ether” 
for eight minutes, some of this radiation may fall on our eyes, causing 
a disturbance on the retina, which travels along the iiptic nerve to 
dbe brain. Here it is perceived as a sensation by the mind; this sets 
our dioiights in action and results in, let m say, poetic tbouglm 
tboiii the sunset. There is a contiiuioiis chain, A, B, C, D . . . X, Y, Z, 
connecting A the poetic thought— through il die tl'iinking mind, C 
the brain, D the optic nerve, and so on— with Z the atomic dis- 
turbance ill the sun. The tiiought A results from the distant disturb- 
aacc Z, just as the ringing of a bcU results from pulling a distant 
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bell-rope. We can understand how pulling a material rope can cause 
a material bell to ring, because there is a material connexion all the 
way. But it is far less easy to see how a disturbance of material atoms 
can cause a poetic thought to originate, because the two are so 
entirely dissimilar in nature. 

For this reason, Descartes insisted that there could be no possible 
connexion between mind and matter. He believed they were two 
entirely distinct kinds of entity, the essence of matter being extension 
in space, and that of mind being thought. And this led him to main- 
tain that there were two distinct worlds, one of mind and one of 
matter, running, so to speak, independent courses on parallel rails 
without ever meeting. 

Berkeley and the idealist philosophers agreed with Descartes that 
if mind and matter were fundamentally of different natures they 
could never interact. But they insisted that they continually do inter- 
act. Therefore, they argued, matter must be of the same nature as 
mind, so that, in the terminology of Descartes, the essence of matter 
must be thought rather than extension. Expressed in detail, their 
contention was that causes must be essentially of the same nature as 
their effects; if B on our chain produces A, then B must be of the 
same essential nature as Ay and C as B, and so on. Thus Z also must 
be of the same essential nature as A, Now the oiJy Knhs of the chain 
of which we have any direct knowledge are our own thoughts and 
sensations A, B; we know of the existence and nature of the remote 
links X, Y, Z only by inference — from the effects they transmit to 
our minds through our senses. Berkeley, maintaining that the un- 
known distant links X, Y, Z must be of the same nature as the known 
near links A, B, argued that they must be of the nature of thoughts 
or ideas, ‘‘since after all there is nothing like an idea except an idea.” 
A thought or idea cannot, however, exist without a mind in which 
to exist. We may say an object exists in our minds while we are 
conscious of it, but this will not account for its existence during the 
time we are not conscious of it The planet Pluto, for instance, was 
in existence long before any human mind suspected it, and was 
recording its existence on photograpliic plates long before any human 
eye saw it. Considerations such as these led Berkeley to postulate an 
Eternal Being, in whose mind all objects existed. And so, in the 
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Stately and sonorous diction of a bygone age, he simiined up his 
philosophy in the words 

Ail the duhr of he.ivcn anui ftirihiurc ot‘ earth, in a word all those bodies 
wiiii-’h compose tlic mighty frame of the wiirid, have not any substance 
without the mind. ... So long as they arc not acuially perccivctl by me, or 
<io not exist in my mind, or that t)f any otlicr creattal spirit, they must either 
have no existence at all, or else subsist in die mind of some Eternal Spirit. 

Modern science seems to me to lead, by a very different road, to 
a not altogether dissimilar conclusion. Bitdogy, studying the con- 
nexion between the earlier links obtlic chain, /!, B, C, D, seems to be 
moving towards the conclusion tlxit these arc all i>f the same general 
nature. This is occasionally stated in the spccitlc form that, as biolo- 
gists believe C, D to be mechanical and material, /!, B must also be 
mechanical and material, but apparently there would be at least equal 
warrant for stating it in the fc^rm that as /!, B arc mental, C, D, must 
also be mental. Physical science, troubling little about C, D, proceeds 
directly to the far end of the chaiti; its business is to study the work- 
ings of A", y, Z* And, as it seems to me, its conclusions suggest that 
the end links of the chain, whether we go to the cosmos as a whole 
or to tlie innermost structure of the atom, arc of the same nature as 
B—uf the nature of pure thought; we arc led to the conchisions 
o! Berkeley, but we reach them from the ocher end. Because of this, 
we come upon the last of Berkeley's three alternatives Brst, and the 
others appear uniinportant by comparison. It docs not matter whe- 
ther objects ‘'exist in my mind, or that of any other created spirit*’ 
or not; their idijeedvity arises from their subsisting "in the mind of 
some i'lermd Spirit.** 

I'his may suggest that we are proposing to discard realism entirely, 
and entlnonc a thoroyghgt>ing idealism in its place. Yet: this, I tliink, 
would be too crude a .statement of the situation. If it is true that the 
*Veal essence of substances'* is beyond our kmnvjetlgc, then the line 
of demarcation between rcaltsns and idealism becomes very blurred 
indeed; it becomes little more than a relic <^f a past age in which 
reality was believed to be identical with mechanism. Objective reali- 
ties exist, because certain things aficet your consciousness and tnkc 
in the same way, but we are assuming someiliiiig we have no right 
to assume if we label them as either ‘Veaff or ‘'ideal*’ The true label 
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is, I think, hnathematical,’’ if we can agree that this is to connote the 
whole of pure thought, and not merely the studies of the professional 
mathematician. Such a label does not imply anything as to what 
things are in their ultimate essence, but merely something as to how 
they behave. 

The label we haye selected does not, of course, relegate matter 
into the category of hallucination or dreams. The material universe 
remains as substantial as ever it was, and this statement must, I think, 
remain true through all changes of scientific or philosophical thought. 

For substantiality is a purely mental concept measuring the direct 
effect of objects on our sense of touch. We say that a stone or a 
motor car is substantial, while an echo or a rainbow is not. This is 
the ordinary definition of the word, and it is a mere absurdity, a 
contradiction in terms, to say that stones and motor cars can in any 
way become insubstantial, or even less substantial, because we now 
associate them with mathematical formulae and thoughts, or kinks in 
empty space, rather than with crowds of hard particles. Dr. Johnson 
is reported to have expressed his opinion on Berkeley’s philosophy 
by dashing his foot against a stone, and saying: ‘‘No, sir, I disprove 
it thus.” This little experiment had, of course, not the slightest bear- 
ing on the philosophical problem it claimed to solve; it merely 
verified the substantiality of matter. And, however science may pro- 
gress, stones must always remain substantial bodies, just because they 
and their class form the standard by which we define the quality of 
substantiality. 

It has been suggested that the lexicographer might really have dis- 
proved the Berkeleian philosophy if he had chanced to kick, not a 
stone but a hat, in which some small boy had surreptitiously placed 
a brick; we are told that “the element of surprise is suiSicient warrant 
for external reality,” and that “a second warrant is permanence with 
change — ^permanence in your own memory, change in externality.” 
This, of course, merely disproves the solipsist error of “all this is a 
creation of my own mind, and exists in no other mind,” but it is 
hard to do anything in life which does not disprove this. The argu- 
ment from surprise, and from new knowledge in general, is power- 
less against the concept of a universal mind of which your mind and 
mine, the mind which surprises and that which is surprised, are units 
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or even excrescences. Each individual brain cell cannot be acquainted 
with all the thoughts which arc passing through tlic brain as a whole. 

Yet the fact that we possess no absolute extraneous standard against 
which to measure substantiality does not preclude our saying that 
two things have the same degree, or different degrees, of substan- 
tiality. If I dash my foot against a stone in my dreams, I .shall probably 
waken up with a pain in my foot, to discover that the stone of my 
dreams was literally a creation of my mind and of mine alone, 
prompted by a nerve-impulse originating in my foot. This stone 
may typify the category of hallucinations or dreams; it is clearly less 
sukstantia! than tiiat wliich Johnson kicked. Creations of an indivi- 
dual miml may reasonably be called less substantial than creations of 
a universal mind. A similar distinction must be made between the 
space we see in a dream and the space of everyday life; the latter, 
which is the same for us all, is the space of the universal mind. It is 
the same with time, the time of waking life, which flows at the same 
even rate for us all, being the time of the universal mind. Again we 
may think of the laws to which plicnomcna conform in our waking 
hours, the laws of nature, as the laws of diought of a universal mind. 
Tlie uniformity of nature proclaims the self-consistency of this 
mind. 

I'his concept of the universe as a world of pure thought throws a 
new light on many of the situations \ve have encountered in our 
survey of modern piiysics. We can now see how the ether, in which 
all the events of the universe take p!.acc, could reduce to a mathe- 
matical abstraction, and become as abstract and as mathematical as 
par.allcls of latitude and meridians of longitude. We can also see why 
energy, the fundamental entity of the universe, had again to be 
treated as a mathematical abstraction — the constant of integration of 
a diiferential eqiution. 

The same concept implies, of course, that the final truth about a 
phenomenon resides in the mathematical description of it; so long 
a,s there is no imperfection in this our knowledge of tlic phenomenon 
is complete. We go beyond the mathematical formula at our own 
risk; we may find a model or picture which helps us to understand 
it, but we have no right to expect this, and our failure to find such a 
model or picture need not indicate that either our reasoning or our 
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knowledge is at fault. The making of models or pictures to explain 
mathematical formula: and the phenomena they describe, is not a 
step tow^ds, but a step away from, reaUty; it is like making graven 
imaps of a spirit. And it is as unreasonable to expect these various 
models to be consistent with one another as it would be to expect 
all the statues of Hermes, representing the god in aU his varied acti- 
vities— as messenger, herald, musician, thief and so on— to look alike. 
Some say that Hermes is the wind; if so, all his attributes are wrapped 
1^ in his mathematical description, which is neither more nor less 
than me equation of motion of a compressible fluid. The mathe- 
matician will know how to pick out the difierent aspects of this 
equation which represent the conveying and announcing of messages, 
the creation of musical tones, the blowing away of our papers, and 
so forth. He will hardly need statues of Hermes to remind him of 
them, although, if he is to rely on statues, nothing less than a whole 
row, all different, will suffice. All die same, some mathematical physi- 
cists are stiU busily at work making graven images of the concepts 
of the wave-mechanics. 

In brief, a mathematical formula can never tell us what a thing is, 
but only how it behaves; it can only specify an object through its 
properties. And these are unlikely to coincide in toto with the 
properties of any single macroscopic object of our everyday life. 

This point of view brings us relief from many of the difficulties 
and apparent inconsistencies of present-day physics. We need no 
longer discuss whether hght consists of particles or waves; we know 
all there is to be known about it if we have found a 
formula which accurately describes its behaviour, and we can ffiitiTr 
of it as either particles or waves according to our mood and the 
convenience of the moment. On our days of thinking of it as waves, 
we may if we please imagine an ether to transmit the waves, but this 
ether will vary from day to day; we have seen how it will vary each 
time our speed of motion varies. In the same way, we need not dis- 
cuss whether the wave-system of a group of electrons exists in a 
three-dimensional space, or in a many-dimensional space, or not at 
all. It exists in a mathematical formula; this, and nothing else, express- 
es the ultimate reality, and we can picture it as representing waves in 
three, six or more dimensions whenever we so please. We can also 
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interpret it as not representing waves at all; in so doing we shall be 
following Heisenberg and Hirac. It is generally simplest to interpret 
it as representing waves in a space having three dimensions for each 
electron, just as it is simplest to interpret the macroscopic universe as 
an array ot objects in three dimensions only, and its phciu)mcna as 
an array of events in four dimensions, but none of these interpreta- 
tions possesses any unique or absolute validity. 

On this view, we need find no mystery in the nature of the rolling 
contact cjf our consciousness with the empty soap bubble we call 
space-time (p, 80), for it reduces merely to a contact between mind 
and a creation of mind^ — like the reading ot a book, or listening to 
music. It is probably unnecessary to add chat, on this view of things, 
the apparent vastness and emptiness of the universe, and our own 
insigniticant size therein, need cause us neither bewilderment nor 
concern. We arc not terrified by the sizes of the structures which our 
own thoughts create, nor by those that others imagine and describe 
to us. In Du Maurier’s story, Peter Ibbctson and the Duchess of Towers 
continued to build vast dream-palaces and dream-gardens of cver- 
incrcasing size, but felt no terror at the size of their mental creations. 
The immensity of the universe becomes a matter of satisfaction rather 
than awe; we arc citizens of no mean city. Again, we need not puzzle 
over the fniitcncss of space; we feel no curiosity as to what lies beyond 
the four walls which bound our vision in a drcani. 

It is the same with time, which, like space, we must think of as of 
finite extent. As we trace the stream of rime backwards, we encounter 
many indications that, after a long enough journey, we must come 
to its source, a time before which the present universe did not exist* 
Nature frowns upon perpetual motion machines and it is u priori very 
unlikely that her universe will provide an example, on the grand 
scale, of the mechanism she abhors. And a detailed consideration of 
mturc confirms this. The science of thermodynamics explains how 
everything in nature passes to its final .state by a process which is 
designated the ‘‘increase of entropy/' Entropy must for ever increase: 
it cannot stand still until it has increased so far that it can increase 
no further. When tliis stage is reached, further progress will be impos- 
sible, and the universe will be dead. Thus, unless this whole branch 
of science is wrong, nature permits herself, quite literally, only two 
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alternatives, progress and death: the only standing still she permits is 
m the stillness of the grave. 

Some scientists, altliough not, I think, very many, would dissent 
from tks last view. WHle they do not dispute that the present stars 
are meltmg away mto radiation, they maintain that, somewhere out 
m the remote depths of space, this radiation'may be reconsolidating 
Itself again into matter. A new heaven and a new earth may, they 
suggest, be m process of being built, not out of the ashes of the old, 
but out of the radiation set free by the combustion of the old. In this 
way they advocate what may be described as a cyclic universe; while 
It dies in one place the products of its deatli are busy producing new 
life in others. 

This concept of a cyclic universe is entirely at variance with the 
weU-established principle of the second law of thermodynamics, 
winch teaches that entropy must for ever increase, and that cyclic 
universes are impossible in the same way, and for much the 
reason, as perpetual motion machines are impossible. That this law 
may fail under astronomical conditions of which we have no know- 
ledge is certainly conceivable, although I imagine the majority of 
senous scientists consider it very improbable. There is, of course, no 
denying that the concept of a cyclic universe is far the more popular 
of the two. Most men find the final dissolution of the universe as 
distasteful a thought as the dissolution of their own personality, and 
man s strivings after personal immortality have their macroscopic 
counterpart in these more sophisticated strivings after an imperish- 
The more orthodox scientific view is that the entropy of the uni- 
verse must for ever increase to its final maximum value. It has not 
yet reached this: we should not be thinking about it if it had. It is 
still increasing rapidly, and so must have had a beginning; there must 
have been what we may describe as a “creation" at a time not 
infinitely remote. 

If the universe is a universe of thought, then its creation must have 
been an act of thought. Indeed the finiteness of time and space almost 
compel us, of themselves, to picture the creation as an act of thought; 
the determination of the constants such as the radius of the universe 
and the number of electrons it contained imply thought, whose rich- 
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ness is measured by the immensity of tlicsc c|iiantitics. Time and 
space, which form the setting for the thought, must have come into 
being as part of this act. Primitive cosmologies pictured a creator 
working in space and time, forging sun, moon and stars out of already 
existent raw inatcriaL Modern scientific theory compels us to think 
of the creator as working outside time and space, \\'hich are part of 
his creation, just as the artist is outside his canvas. It accords with the 
conjecture of Augustine: '*Non in tempore, sed cum tciiiporc, finxit 
Dcus mundum.’’' Indeed, the doctrine dates back as far as Plato : — 

Time and the heavens came into being at the same instant, in order that, if 
they were ever to dissolve, they might be dissolved together. Such was the 
mind and thought of God in the creation of time. 

And yet, so little do we understand time that perhaps we ought to 
compare the whole of time to the act of creation, the materialization 
of the thought. 

It may be objected that our whole argument is based on the 
assumption that the present mathematical interpretation of the phy- 
sical world is in some way unique, and will prove to be final To 
resume our metaphor, it may be said that to describe the reality a$ 
a game of chess is only a convenient fiction: other fictions might 
describe the motions of the shadows equaliy well The answ^er is that, 
so far as our present knowledge goes, other fictions would not des- 
cribe diem so fully, so simply, or so adequately. The man who docs 
not play chess says: “A piece of white wmod, carved to look rather 
like a horse’s head stuck on a pedestal, was taken from die bottom 
square next but one to the right-hand comer and moved to , • 
and so om The chess-player says: **White: Ki to KB3/’ and liis 
account not only explains die move fully and briefly, but also relates 
it to a larger scheme of things. In science, so long as our knowledge 
remains incomplete, the simplest explaiKition carries conviction ia 
proportion to its simplicity. And it has merit beyond that of mere 
simplicity: it has the liighcst probability of being the true CKpkna- 
lion. Thus while it must be fully admitted that die mathematical 
expianation may prove neither to be final nor tlic simplcsi possible, 
we can unhcsitadngly say that it is the simplest and most complete so 
far found, so that, relative to out present knowledge, it has the 
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greatest chance of being the explanation which lies nearest to the 
truth. 

Some readers may not assent to this, on the grounds that the present- 
day mathematical interpretation of nature is hkely to prove a mere 
hah'-way house to a new mechanical interpretation. Our modem 
minds have, I think, a bias towards mechanical interpretations. Part 
may be due to our early scientific training; part perhaps to our coH" 
tinuaUy seeing everyday objects behaving in a mechanical way, so 
that a mechamcal explanation looks natural and is easily compre- 
hended. Yet in a completely objective survey of the situation, the 
outstandmg fact would seem to be that mechanics has already shot 
its bolt and has failed dismally, on both the scientific and phfiosophical 
side. If anything is destined to replace mathematics, there would seem 
to be specially long odds against it being mechanics. 

It is too often overlooked that we can only discuss these questions 
in terms of probabilities. The man of science is accustomed to the 
reproach that he changes his views all the time, with the accompany- 
ing implication that what he says need not be taken too seriously. 
It is no true reproach that in exploring the river of knowledge he 
occasionally goes down a backwater instead of continuing along the 
main stream, no explorer can be sure that a backwater is such, and 
nothing more, until he has been down it. W^hat is more serious, and 
beyond the control of the explorer, is that the river is a winding one, 
flowing now east, now west. At one moment the explorer says: ‘T 
am going downstream, and, as I am going towards the west, die 
ocean which is reahty seems most likely to lie in the westerly direc- 
tion.” And later, when the river has turned east, he says: “It now 
looks as though reality is in the east.” No scientist who has lived 
through the last thirty years is likely to be too dogmatic either as to 
the future course of the stream or as to the direction in which reality 
lies; he knows from his own experience how the river not only for 
ever broadens but also repeatedly winds, and, after many disappoint- 
ments, he has given up thinking at every turn that he is at last in 
tlie presence of the ^ 

murmurs and scents of the infinite sea. 

With thri caution in mind, it seems at least safe to say that die river 
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of knowledge lias made a sharp bend in the last few years. Thirty 
years ago, we thought, or assumed, that we were heading towards 
an ultimate reality of a mechanical kind. It seemed to consist of a 
fortuitous jumble of atoms, which was destined to perforin mean- 
ingless dances for a time under the action of blind purposeless forces, 
and then fall back to form a dead world. Into this wholly mechanical 
world, through the play of the same blind forces, life had stumbled 
by accident. One tiny comer at least, and possibly several tiny corners, 
of this universe of atoms had chanced to become conscious for a 
time, but was destined in the end, still under the action of blind 
mechanical forces, to be frozen out and again leave a lifeless world. 

Today there is a wide measure of agreement, which on the physical 
side of science approaches almost to unanimity, that the stream of 
knowledge is heading towards a non-mechanical reality; the universe 
begins to look more like a great drought than like a great machine. 
Mind no longer appears as an accidental intruder into the realm of 
matter; we are beginning to suspect that we ought rather to hail it as 
the creator and governor of the realm of matter — not, of course, our 
individual minds, but the mind in which the atoms out of winch 
our individual minds have grown exist as thoughts. 

The new knowledge compels us to revise our hasty first impres- 
sions that we had stumbled into a universe which either did not 
concern itself with Hfe or was actively hostile to life. The old dualism 
of mind and matter, which was mainly responsible for the supposed 
hostility, seems likely to disappear, not through matter becoming in 
any way more shadowy or insubstantial than heretofore, or through 
mind becoming resolved into a function of the working of matter, 
but through substantial matter resolving itself into a creation and 
manifestation of mind. We discover that die universe shows 
evidence of a designing or controlling power that has some- 
thing in common with our own individual minds — not, so far as wc 
have discovered, emotion, morality, or aesthetic appreciation, but 
the tendency to think in the way which, for want of a better word, 
we describe as mathematical And while much in it may be hostile 
to the material appendages of life, much also is akin to the funda- 
mental activities of Hfe; we are not so much strangers or intruders 
in the universe as wc at first thought. Those inert atoms in the 
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primeval slime which first began to foreshadow the attributes of life 
were putting themselves more, and not less, in accord with the 
fundamental nature of the universe. 

So at least we are tempted to conjecture today, and yet who knows 
how many more times the stream of knowledge may turn on itself? 
And with diis reflection before us, we may well conclude by adding", 
what might well have been interlined into every paragraph, that 
everything that has been said, and every conclusion that has been 
tentatively put forward, is quite frankly speculative and uncertain. 
We have tried to discuss whether present-day science has anything 
to say on certain diflicult questions, Avhich are perhaps set for ever 
beyond the reach of human understanding. We cannot claim to have 
discerned more than a very faint ghmmer of hght at the best; perhaps 
it was wholly illusory, for certainly we had to strain our eyes very 
hard to see anything at all. So that our main contention can hardly 
be that the science of today has a pronoxmcement to make, perhaps it 
ought rather to be that science should leave ofl* making pronounce- 
ments: the river of knowledge has too often turned back on itself. 
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CHAPTER ONE 


INTRODUCTION 

Z OOLOGY OR ANIMAL Bi OLO GY is that branch ofscicHcewhich 
deals with animals. About half a milHon different sorts or species 
of animals have already been described and named, each breeding 
true to its own special characteristics, each different from all others.. 
The number of fresh species discovered, described and named every 
year is about two hundred, and this number is at present increasing, 
not decreasing, year by year. 

Animals inliabit sea, freshwater, land, and air, or they may live on 
or in the bodies of other animals or plants. Their range of size is 
enormous. The malarial parasite is so small as easily to inhabit the 
interior of a human red blood corpuscle, of which five million are 
normally contained in a cubic millimetre of blood ; * while the sulphur- 
bottom whale (Balaenoptera sulphureus)^ the largest animal known, 
may reach a length of 95 feet and a weight of 147 tons, or nearly three 
times as much as most express engines (Fig. 92). Their shape is as 
various as their habits or their size. Some, like certain radiolaria, form 
beautiful geometrical designs; others are almost shapeless, like many 
parasites (Fig. 1) and sponges; some resemble plants (Fig. 69); still 
others, such as the nematode worms, look like long threads; let alone 
all those innumerable shapes of bird and fish and mammal, crab and 
spider and insect, that we all know. 

It is obvious that any study of all these creatures, their structure 
and mode of working, their habits and their history, will soon give 
us an enormous body of facts which will be overwhelming unless 
we classify tliem properly. Broadly speaking, we want, first of all, to 
find out how a particular animal works, considered as a piece of Hving 
mechanism; and to compare the ways of working of various animals. 
That is animal physiology. And secondly, we want to know all we 
can about the structural plan of ammals, to know how that structure 
develops, and to compare the structure of different animals. That is 
animal morphology, the science of form. Finally, we want to under- 
stand, if possible, how and why it is that the different individuals and 

* About one-sixtieth of an average drop. 

Ill 
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species of anirnals are what they arc— their history and as much as 
possible of the causes of that history. That is the science of animal 
evolution and heredity, sometimes called genetics (although this 
term is often restricted to heredity alone). 

There re mains the problem as to the fundamental difference 
between plants and animals. Why do we call this organism a plant, 
this other organism an animal? Most people would not hesitate, but 
would say that the animal moved while the plant did not; that the 
animal was conscious while the plant was not; that the animal 
devoured its food while the plant absorbed its nutriment from its 
surroundings. None of these criteria, however, is absolute. Many 
animals, like coral polyps or sea squirts, are as rooted to the spot as 
most plants; while some undoubted plants move about. He would 
be a very bold man who asserted that a sponge, an undoubted animal. 




Fig. 1. Parasitism and recapitulation as illustrated by the Crustacean parasite 
Sacculina. (i) Sacculina developing inside a spider crab (Inachus). The 
mid-gut of the spider crab is shown, with the parasite overlying it (x 2): h, 
body-rudiment of the parasite; r, its “roots,” by which k sucks nutriment 
from the tissues of its host, (ii) Development of Sacculina. (a) Earliest free 
swimming stage or Nauplius with three pairs of appendages. In this stage it 
dosely resembles the larvae of many other Crustacea, (b) Later stage, in which 
it attaches itself to its host (maeaiified). (Cambridffe Natural History, iv, 1909.) 



INTRODUCTION 113 

possessed a higher level of consciousness than a mushroom or a 
wallflower; while many animal parasites absorb their food from the 
medium wliich bathes them. 

As a matter of fact, the only valid distinction between plants and 
animals is concerned with the type of foodstuffs which they can 
utiHze. All organisms, plant or animal, need carbon, hydrogen, 
nitrogen, and oxygen to build the bulk of their bodies. Green plants 
can, with the aid of sunlight, obtain carbon from the carbon dioxide 
of the air or water in which they live. They can obtain their hydrogen 
from water and salts, their oxygen directly from the air, their nitrogen 
from simple mineral salts like nitrates. In other words, the green plant 
can build up living protoplasm from elements and the simplest 
compounds. Every particle of living matter added to a green plant 
means the creation of a new kind of material combination. Animals, 
on the other hand, cannot achieve this synthesis. They have to be 
provided with higlily elaborate compounds, all of which in the long 
run owe their existence to the manufacturing powers of plants. An 
animal cannot obtain its carbon from any compound less complex 
than a sugar, a starch, or a fat; for its nitrogen it must be provided 
with proteins, or at least with the constituent parts of proteins known 
as amino-adds, which are already of considerable complexity. 
Animals are in the long run always dependent upon green plants; 
they are, one might almost say, parasitic upon plants. Green plants 
by the same token are parasitic upon the sun; they live by stealing 
energy from his rays. 

There are other plants besides green plants: fungi and bacteria 
contain no chlorophyll. Most fungi are as dependent as are animals 
upon the previous activities of other organisms; they can only live 
where decay has provided them with raw materials. But even so they 
are not so helpless as animals, and can obtain their food from less 
complex compounds. 

Among the bacteria are forms which show quite extraordinary 
modes of nutrition. The most interesting are those which can directly 
fix and utilize the nitrogen of the air, a process for whose accomplish- 
ment man has to apply enormous stores of energy. Others can utilize 
carbon dioxide as their source of carbon without making use of 
chlorophyll. Still others can live witliout free oxygen, and obtain all 
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they want from chemical compounds. However, the great bulk of 
the food cycle of the world starts with the activities of green plants, 
and all animals, all fungi and most bacteria are in a very real sense 
dependent upon the green plants’ chlorophyll. 

^ This is the basic distinction between animals and plants, and all the 
differences with which we are so familiar, between higher plants and 
higher animals, are purely secondary. The fact that green plants can 
obtain food from water and air, without special search, has led to 
their developing great feeding surfaces— such as the leaves and the 
roots— in air and water respectively. The fact tliat animals have to 
find their food ready-made has led to their developing mouths and 
stomachs to catch and hold the food, and limbs to iuotc from place 
to place in search of more. The fact of locomotion has in its turn 
made necessary the development of sense organs and nervous system 
and brain. But all hinges on the first and most vital difference. 

Even so, there are some types, among tlic simplest and smallest 
creatures, winch share animal and plant characteristics, being able 
both to take in solid food like a typical animal, and to build up food 
from simple inorganic substances like a green plant. Such examples 
only show die impossibility of drawing hard and fast lines in Nature. 

But these are all generalities, and in order to be able to deal properly 
with what IS general, we must have a good acquaintance with die par- 
ticular. The best way of doing diis will be to take a single species of 
animal and describe its structure and working in broad outline. For 
our purpose any one of the higher animals would really serve, but on 
account of die ease with which it can be obtained, its convenient size, 
and die resemblance of its general structure and functions to those of 
man we wiU take the frog as our introductory type, while man wiU 
be taken later to illustrate physiology in more detail 


The General Anatomy and Physiology of the Frog. 

_ At first reading, the statement that frogs resemble men in any 
mportant degree may perhaps raise a smile. It is nevertheless true. 

e can recognize in the frog a great many parts that exist in ourselves, 
OTmge moreover m the same way. A frog possesses a head, a trunk, 

^d for^and lmid-hmbs.Thenostrils. eyes, ear drumsand mouth are 

arranged in the same relative positions as in our head. If we look at 




PLATE 1 


(i) Skeletons of man and horse, with outline of the bodies, to show the corres- 
pondence of general plan, e, elbow*; h, heel; k, knee; p, pelvis; sh, shoulder- 
blade; T, tail vertebrae; w, wrist. 


(ii) Pliotograph of skeletons of the small, ancestral horse Eohippus from the 
Koreue, with four toes on the fore-foot, and of the Miocene horse Hypohippus, 
with three toes on each foot, the central toe the largest. The later form shows 
considerable increase of size, and of relative length of limbs and neck. 







The early development of a tailed amphibian (Urodtde). a, durii4,^ the 
division into two cells; b, four-cell stage ; c, Ix^ginning of sixteen -rell stage ; 
D, E, later segmentation; f, blastula; r,, neural fokis have appean-d (dorsal 
view, head to r.); h, neural folds closing; i, neural folds rlose<i to form 
neural tube (oblique dorsal view, head to r.) ; j, from tht‘ r. Ibsul and 
tail sharply marked off from yolk-mass. The gill-slits are setm in the neek 
region, the muscle segments on the fore-part of the trunk, k, later stage, from 
the r. side and upside-down. The tail has grown, and has developed ventral 
and dorsal fms. Fore- and hind-limb buds visible, yolk -mass rvMmAv 
smaller ; three tufted gills in the neck region, n, a similar stag<% from l»<‘lo\v. 
In front of the gills m the middle line is th<' mouth, with t Ik* eve rudiments 
just in front of it. (vSmallwood, the Aniitmif 1922 .) 




PLATE 5 



The early development of Amphioxus. a, fertilized egg, unsegmented ; 
B, two-cell stage; c, four-cell stage; d, eight-cell stage; e, sixteen-cell 
stage; f, early blastula {thirty- two cells) ; g, late blastula; h, flattening 
of vegetative side of blastula; j, invagination to gastrula; k, partial 
gastrulation ; l, late gastrula ; m, beginning of formation of neural tube. 
ach^ primitive gut; be, blastocoel; bp, blastopore; ec, ectoderm; en, 
endoderm ; mac, larger vegetative cells ; mic, smaller animal cells ; np, 
neural plate beginning to form neural tube ; ph, polar bodies. 





(ii) Section across the U‘stis of a nianniial {{'.it i. NmU- if i - m aopuHorl nt 
a series of little tubes, routKh‘({ iu e.ross 1 Sear w.ilh'. ar^ t-uti}|»«Ke<l 

of genu-cells (sperm-proclueitig cells), 'rowanls the uen he >,1 rn npe 

sperm, their tails in the hollow of the lubes, | heir leseln ‘.nil nmalv attaefted 
to cells in the walls. Hetw(?en th(* tubes mav Ih'* seen small pah h*"* *‘l inter- 
stitial tissue, (bhott* l»y ih A. |\eio|h*ni.! 



PLATE 7 



(i) To illustrate the results of crossing two pure-bred strains of fowls, splashed - 
white and black. Pu the parents ; Fu the first hybrid generation, all individuals 
of which are alike, of a bluish-black shade; the second hybrid generation, 
derived by mating Fx individuals together. Segregation is here shown, there being 
on the average one-quarter splashed-white like the splashed-white parent, one- 
quarter black like the black parent, and one-half blue like the Fj. 



(ii) A pair of identical twins (from Battle Creek, Mich., U.S.A.), 
who, although they were separated at three years of age. and have 
since then always lived apart, have still retained an extremely close 
resemblance to each other, owing to their identical hereditary 
constitutions. 



v\Arii « 



Mitosis, illustrated by th(* fertilizrd of th<‘ round wonii Jscart’i mfiiuht 
from the intcstim^ of the horst*, whh'h poss(‘ss<*s two paiis ol rhriUitO' 
souies. (fwoju imtouched luuTu-phob)^^^^^^^ by 1>, A. Kompsom) ia) Iimiiaimr 
(unfertilized) (‘gg with iiiudeiis in “resting” phase, \h\ hVrtili/atiou has hist 
occurred, the nurlei of egg and sperm are approaching each o(lu‘r. ‘I'hc chroum- 
somes have begun to appear (spirenH‘ staged. U') Side vhav of flic (‘ouatorial 
plate stage of the hrst division of the fertilized egg. The spindle js rlca^!^' seen 
with the centrosomes and asters at its two ends. chromovaiies' liavc 
arranged themstdves round its eipiator. {d) Had view of tlie sam«' stage, riic 
four chromoBomt‘s art' chairlv \isibh.‘. 



PLATE 9 



H I 


(e) Side view of a slightly later stage. The chromosomes have now split longi- 
tudinally. (g) “Telophase” stage. The two sets of chromosomes have moved 
apart to the two asters ; the cell is deeply constricted, (k) Two-cell stage. The 
egg has completely divided into two cells ; in either cell the chromosomes have 
joined up to form a “resting” nucleus, (i) Beginning of second cleavage. 
Mitosis has begun in both cells ; one is so viewed as to show that four chromo- 
somes have again appeared. In all figures the egg is lying in a space within a 
thick, transparent egg-membrane or shell. In (c) and (g) the two polar bodies 
are visible on the surface of the egg. The magrdfication for ail except {e) is X 750. 

For{^), X 1,000. 
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Kiuln'yo chicks of about thirty-six hours' and four days* inr.ubaliou 
respectively. Both x (a) lias been stained and is photo.uraph(*d by 
transmitted light. In it about sixteen unisele segnuaits have lieen 
formed, the three main divisions of th(! bniin .ire visible, witli tlie 
eye vesicles growing out from the fore-brain. 'I'lu* heart t‘aii be seen, 
together witJi a network of small blood-vtssels over the yolk in the 
outer region of the blastoderm, (b) has not been stained aiiil is pledo- 
graphcd as an opaque object by retlected light, llie ainiiion has been 
removed (small traces of it are kdt in the hea<I region). 1*he (‘ndtrvo 
rests on its left side, and the lit^ad has bimt ov(*r, llie limb butls, gill- 
slits, and allantois can be seen. The blastoderm in ont‘ plaee lias 
rolled over, showing tlie way the blood-vessels run on its lower 
surface, next to the yolk. (Photos by D. A, Kempson.) 
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Right, an early human 
embryo, 7T mm. long, 
still enclosed in 
embryonic membranes. 
The yolk-sac is below, 
connected with the 
embryo by the umbi- 
lical stalk. The embryo 
lies inside the amnion, 
whose cavity it now 
nearly fills. The chor- 
ion is outside, and from 
part of it project tufts 
containing blood-ves- 
sels, which constitute 
the embryonic part of 
the placenta. The gill- 
slits are seen at the side 
of the neck, and the 
muscle segments are 
marked off by lines in 
the dorsal part of the 
trunk. The limbs arc 
present, but no fingers 
or toes have yet been 
formed, although traces 
of the main joints are 
beginning to be visible. 




Left, same embryo with its 
yolk-sac, removed from the 
embryonic membranes. The 
gill-slits, muscle segments 
and limbs are again well 
shown; in addition, a promi- 
nent tail is seen. (From photos 
by W. Chesterman, Depart* 
ment of Human Anatomy, 
Oxford.) 
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Two examples of Phajjfocytosis by human whitt^ blood cm-IIs. In (a! .u** one 
white, and three red blood corpuscles. The white* eorpus<*le has a lari;** nuch-us in 
three ]^arts, and has invested a number of MicrmmrKs dutrus, the 

common bacteriimi of boils, absc, esses, etc. (b) is a micro phoioi^r.iph sbuwiiii^' 
white blood corpuscles which have ing<‘st<*d larf^v numbers ot foreign particles 
(sheep red blood corpuscles) with which they have been hn'ulwted. 
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(i) Two individuals of the same age from the same batch of frog’s eggs. The 
one on the right is the control, and has metamorphosed normally into a frog. 
The one on the left had the whole rudiment of its thyroid removed, has not 
developed legs, has not metamorphosed, and has grown to a size much greater 
than that normally found in tadpoles of this species. 



Palustris 

4 



(ii) Two experiments in grafting in tadpoles. (1) The front half of an embryo 
of one American species of frog {Rana sylvatica) has been cut off and grafted 
on to the hind half of another, lighter-coloured species [Rana palustris). 
(2) The compound animal (chimasra) grows quite normally. The lateral line, 
which originates near the head, has grown down from the sylvatica component 
on to the pahistris trunk. Compound individuals like this have been reared 
through metamorphosis. (3 and 4) The front part of a sylvatica embryo has 
been grafted on to the back of a palustris embryo : this combination also has 
continued development. The sylvatica lateral line (below si), on reaching the 
palustris component, has bent round into correct position. 
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(i) A microscopic section (longitudinal) through a regenerating leg of a 
salamander larva. The cut was made at the level joining the line from a; and 
the right-hand line from nKn, Biz, undifferentiated cells first produced at the 
cut surface; E, epidermis (with pigment below it only in non-regenerated 
part) ; H, cartilage of original humerus, with incipient bone formation at its 
edges; il/, muscle; JV, nerve; nKn, regenerated cartilage, differentiated out 
of cells like Biz; .r, region where old cartilage is dedifferentiated. 



(ii) X-ray photographs of the hand of a boy in whose third finger the basal 
joint became diseased ; it was removed and a piece of healthy bone with its 
bone-forming membrane (periost) grafted in from another situation, (a) Six 
years old, immediately after the operation; the grafted piece of bone (x) is of 
an irregular shape, (b) Two years later (the position of the hand is reversed), 
the grafted piece has become moulded into a very good imitation of the original 
joint. (After Timann.) 




The courtship display of the Arj^us pheasant iAr^iManus tw^ttsU l.v) The cock 
Argus pheasant in ordinary attitude, (h) Tlui hen iuteresletj in the d!s|t}a,v t>f 
the cock. The cock has spread his wings and thrown Iluan upwards and 
forwards, displaying th(‘ beautifully shap(Hl tuV"Si>ots on the wing »pnllh, 'fhe 
tail meanwhile is jerked up and down; it is staai Ut flu* right. 'riH' head of th(‘ 
cock is almost concealed by the wings. However, just above the lower part of 
Hie left wing is seen a white spot, with a grey patch a little wav li> its right. 
Ihe white spot is part of the beak, the grtiv patch part (»f the tiieck. Helweiai 
thexii there can just be distinguished the bill’s left i‘ve, looking out to sct‘ flu* 
effect of the display upon the hen, vShe is imieh smaller tfuiu tin* rof'k, am! 
lacks the beautiful wing and tail plumes. (From phot<»graphs taken at the 
London Zoological Gardens by Mr. D. Seth Simfb.) 
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(i) Pelagic larva (zo^ea) of a crab [Forcellana] . Note the enormous anterior 
spine (rostrum), for increasing friction and preventing rapid sinking; also the 
abdomen not yet bent up under the thorax, thus recapitulating the ancestral 
condition. aF, at‘\ first and second antennm; mxp^, mxp'\ first and second 
maxillipeds fused for swimming at this stage, though for feeding in the adult) ; 
th, rudiments of the five pairs of legs. (MacBride, Textbook of Embryology, 
\'olume I, 1914.) 



(ii) A small flat fish {Rhomhoidkhthys) on fine and coarse sandy gravel. The 
fish ad<apts itself to the background by changing its pattern. 
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(il Protective resemblance. Four specimens of the Crustacean Buenia proteus on 
the seaweed Halimeda. The resemblance is striking, both in form and colour, 
(rrom Hesse-Doflein, Tierbau und Tierlehen, II ; Teubner, Leipzig and Berlin.) 



(ii) _ A lantern - bug {Laternaria 
lucifera) with extraordinary resem- 
l)lancc of the expanded front region 
of the head to a small crocf)dile’s 
head. Many lantern-bugs have this 
anterior prolongation of the head. In 
this case tlie restanblane.e to a 
crocodile has been brought about by 
black patches simulating nostril and 
eye (with white* patch simulating re- 
Oection of ligdit), the “eye” on a 
projection as in a crocodile, 't'he linci 
of the jaws is clearly indicated, and 
whitish triangles, which actually 
protrude somewhat from the surface, 
closely simulate teeth. The insect’s 
own eye is seen behind the angle of 
the apparent “jaw. ” It has plausibly 
been suggested that this reseni- 
blance is of service to the insect in 
, . , , , scaring away small insectivorous 

birds and mammals. No other possible function has been assigned to it ; and in any 
case the detailed resemblance is very remarkable. (Photograph by A. Robinson.) 



Mimicry and protective resemblance in the East African grasshopper 
Eurycorpha. When full grown {A) the animal is large and green, and 
readily escapes detection among the leaves on which it lives. When young 
{B) it closely resembles an ant, and the long antennae are so thin as to be 
visible with difficulty in nature ; it even possesses two pale patches on the 
sides of its abdomen (£), which give it the appearance of possessing 
a “waist” like an ant. {D) shows three young larvae (1) with specimens 
of two kinds of ants (2 and 3). In this stage, the young grasshopper’s 
behaviour is like that of an ant, and it runs about among the ants in a 
restless way. The full-grown animal, on the contrary, spends most of its 
time without moving. While growing up (C) the animal is intermediate ; 
it tries to escape its enemies by hiding or by “shamming dead.” (From 
Hessc-Doflein, Tierhau und Tierleben, II; Teubner, Leipzig and Berlin.) 
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(i) A view at low water on the Great Barrier Reef of Australia, showing v.arious 
kinds of corals, each of them a colony of many thousands of polyps. (After 
Saville Kent.) (From Hesse-Doflein, Tierbau mid Ticrlchcn, II'; Teubncr, 
Leipzig and Berlin.) 



(ii) Micro-photograph of part of the surface of an insect’s The larger 
number of separate facets, each with its own cornea, is clearly shown. 



(iii) Skeletons of the extinct Dinosaur Diplodocus and of a man. I'lic brain of 
Diplodocus was a good deal smaller than the enlarg'cuient in the spinal cord 
o])positc the hind limb. 
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The hmd leg bones of Diplodocus, in situ. Bone-cabin Quarry, Medicine Bow, 
Wyoming. (Reproduced by permission of the American Museum of Natural 

History.) 




An 8iioriiious herd of marine iguanas {A tublyyhyJtchus) on the Galapagos Islands. These animals mav exceed 
four feet in length. The photograph illustrates the size and abundance which reptiles may attain in tropical 
regions. Note also the scarlet rock-crab (Grapsus), a semi- terrestrial crustacean, in the foreground. (From 
GalupagoSj by W illiam Beebe. Photograph by R. H. Beck. Reproduced by permission of the publishers, 

G. P. Putnam’s Sons.) 
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the skeletons of man and frog, we shall find that both possess a skull, a 
backbone consisting of separate jointed pieces or vertebrse, the same 
type of Umb bones, the same kind of teedi. If we dissect them, we 
shall in both discover red blood, a heart in the front of the trunk and 
on the ventral surface, a liver, a pair of kidneys, a spleen, a nerve cord 
within the backbone, and a great many other organs which have a 
family hkeness to each other, and are to be found in similar positions 
in the bodies of the two organisms. The same plan is also found in 
the horse (Plate 1 (i) and Figs. 2, 5; for Plates see p. 128). 

But if we had chosen a crayfish, say, as our type, these corres- 
pondences would not have been there. A crayfish possesses not two 
but nineteen pairs of Hmbs. It has no backbone, but grows its skeleton 
on the outside. It has a heart, but it is in the centre of the body, and 
towards the back or dorsal side; its blood is nearly colourless; it has 
no nostrils or ear-drums; no spleen; the nerve cord runs down its 
ventral side instead of along its back; its kidneys are in its head— in 
fact, it is difficult to find any point in which its plan of structure closely 
resembles that of man (Plate 2). 

We shah come back to this question of the resemblances and differ- 
ences between animals. Now we must return to the frog, and ask our- 
selves what it does and how it does it. 

Like other animals, the frog eats; it breathes; it must get rid of 
waste; it must move in order to procure its food or to escape its 
enemies or to find its mate; changes in the outer world affect it; there 
must be some means by which the parts of its body can be tnarip to 
act together as a whole, instead of merely as a number of separate 
parts; and finahy, it reproduces its kind. 

Why does the frog, or indeed any other animal, require food? It 
requires it for two main reasons. First, the frog is doing physical work 
every time it moves; to do work it needs some source of energy; and, 
as a matter of fact, it obtains this energy by the oxidation or slow 
combustion of some of the substances contained in its food. Secondly, 
the substance out of which it is made is all the time slowly wearing 
put or breaking down, and needs to be repaired continually by other 
substances out of the food. The Hving machine thus bums part of its 
food for fuel, and uses other parts for repairs. 

The frog feeds on worms, small snails and slugs, insects, and other 

M.S.T. — 
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small animals. It seizes them with its tongue, which is sticky and 
attached at the front instead of at the back, and can be suddenly shot 
out of the mouth. Once in the mouth, the prey is held not only by 
the teeth, which are small, all alike in shape, and only to be found 
on the upper side of the mouth,* but also by the eyeballs, which, 
unlike our own, can be brought right down into the cavity of the 
mouth. At the back of the mouth the prey is forced into the opening 


c a 



Fig. 2. General anatomy and arteries of a male frog (veins omitted), 
stomach; h, nostril; c, small intestine; c,m, artery to gut; c,n, artery to skin; 
d, large intestine (rectum); d.a^ dorsal aorta;/, thigh bone (femur); h, spleen; 
h.a, artery to liver; i, lung; m, testis; c, kidney; artery to lung; r, hip girdle; 
s, breast bone; s.a, artery to fore-limb; s.r, artery to hind-Iinib; t, tongue; t.a, 
truncus; v, ventricle; 1, 2, and 3, main arteries (arterial arches), springing from 
truncus — 1, to head; 2, to limbs, trunk, and main organs; 3, to lungs and skin. 

(Marshall, The Frog, 1923.) 

of a narrow tube, the gullet, which leads down into the saedike 
stomach. Once any solid object is inside the gullet, this contracts auto- 
matically in a scries of waves, driving the object downwards and into 
the stomach. Out of the far end of the stomach opens a coiled narrow 
tube, the small intestine; but the opening can be closed by a ring of 
muscle called a spliinctcr, and as a matter of fact the prey is kept in 
the closed stomach for some time. During this time it is exposed to 
the action of a juice, the gastric juice, which is manufactured by the 
walls of die stomach, and as a result it becomes largely dissolved, 

* It possesses teeth not only on the upper jaw, but also on the roof of the mouth. 
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When it is reduced to a pulpy broth, it is passed on to the intestine. 

Into the beginning of the intestine there opens a very small tube or 
.duct. This is the bile duct, which leads from the liver, a very large 
brownish organ divided into several lobes; the bile, which is produced 
by the liver, is a green fluid, and is stored until wanted in a round 
vessel, the gall bladder, connected with the bile duct. From the pan- 
creas, a small pinkish-white organ, a number of still smaller tubes run 
to open into the bile duct. The bile and pancreatic juice, together with 
a juice derived from the intestine itself, complete the work begun in 
the stomach, until finally all of the food that is available for the use 
of the body is dissolved. It can now be passed through the living wall 
of the intestine into the blood and so distributed to the rest of the 
body. 

The process of rendering the food soluble is what we call digestion. 
This is completed in the first part of the small intestine, while absorp- 
Hon takes place in the remaining parts. When all the absorption that 
is possible has taken place, there still remains some residue, indigestible 
and useless to the animal. This is called the faeces;’*' it passes from the 
small intestine into the broader and shorter large intestine or rectum; 
here it is consolidated into pellets, and is eventually passed out 
between the frog’s legs at the opening of the cloaca, from the Latin 
word for a sewer. 

There is thus a tube, the digestive tube, running from mouth to 
cloaca. Its cavity is open to the exterior at both ends, and so is, in a 
certain sense, not inside the frog at ail. Digestion is simply the process 
of turning the food into a condition when it can be passed, by absorp- 
tion, into the real interior of the body. It would be perfectly possible 
for an organism to absorb food over the whole suAce of its body, 
and, as we shall see later, some animals do so. But in a creature like 
the frog it is obviously important that the part of it which is directly 
exposed to the outer world should act as a protective covering. 
Accordingly we have the external surface covered by the protecting 
skin, while the duties of digestion and absorption, which demand 
more delicate tissues, are carried out by an internal surface, the lining 
of the gut. 

The stomach and intestine lie in a space, the general body cavity or 

’t' Often popularly niiscalled excreta. 
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small animals. It seizes them with its tongue, which is sticky and 
attached at the front instead of at the back, and can be suddenly shot 
out of the mouth. Once in the moudi, die prey is held not only by 
the teeth, which are small, all aUke in shape, and only to be found 
on the upper side of the mouth,* but also by the eyeballs, which, 
unlike our own, can be brought right down into the cavity of the 
moudi. At the back of the mouth the prey is forced into the opening 
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Fig. 2. General anatomy and arteries of a male frog (veins omitted), a, 
stomach; b, nostril; c, small intestine; c.m, artery to gut; cji, artery to skin; 
d, large intestine (rectum); d.a, dorsal aorta;/, thigh bone (femur); h, spleen; 
h.a, artery to liver; i, lung; w, testis; e, kidney; artery to king; r, hip girdle; 
s, breast bone; s.a, artery to fore4imb; s.c, artery to hind-limb; t, tongue; Ua, 
truncus; v, ventricle; 1, 2, and 3, main arteries (arterial arches), springing from 
truncus — 1, to head; 2, to limbs, trunk, and main organs; 3, to lungs and skin. 

(Marshall, Tim Fn% 1923.) 

of a narrow tube, the gullet, which leads down into the saeJike 
stomach. Once any solid object is inside the gullet, this contracts auto- 
matically in a scries of waves, driving the object downwards and into 
the stomach. Outofthefarend of the stomach opens a coiled narrow 
tube, the small intestine; but the opening can be dosed by a ring of 
muscle called a sphincter, and as a matter of fact the prey is kept in 
the closed stomach for some time. During this time it is exposed to 
the action of a juice, the gastric juice, wdiicli is manufactured by the 
walls of the stomach, and as a result it becomes largely dissolved. 

* It posstjssea teeth not only on the upix^r jaw, but alw on the root of the mouth. 
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When it is reduced to a pulpy broth, it is passed on to the intestine. 

Into the beginning of the intestine there opens a very small tube or 
.duct. This is the bile duct, which leads from the liver, a very large 
brownish organ divided into several lobes ; the bile, which is produced 
by the hver, is a green fluid, and is stored until wanted in a round 
vessel, the gall bladder, connected with the bile duct. From the pan- 
creas, a small pinkish-white organ, a number of still smaller tubes run 
to open into the bile duct. The bile and pancreatic juice, together with 
a juice derived from the intestine itself, complete the work begun in 
the stomach, until finally all of the food that is available for the use 
of the body is dissolved. It can now be passed through the Hving wall 
of the intestine into the blood and so distributed to the rest of the 
body. 

The process of rendering the food soluble is what we call digestion. 
This is completed in the first part of the small intestine, while absorp- 
tion takes place in the remaining parts. When aU the absorption that 
is possible has taken place, there still remains some residue, indigestible 
and useless to the animal. This is called the faeces;*^ it passes from the 
small intestine into the broader and shorter large intestine or rectum; 
here it is consolidated into pellets, and is eventually passed out 
between the frog’s legs at the opening of the cloaca, from the Latin 
word for a sewer. 

There is thus a tube, the digestive tube, running from mouth to 
cloaca. Its cavity is open to the exterior at both ends, and so is, in a 
certain sense, not inside the frog at all. Digestion is simply the process 
of turning the food into a condition when it can be passed, by absorp- 
tion, into the real interior of the body. It would be perfectly possible 
for an organism to absorb food over die whole surface of its body, 
and, as we shall see later, some animals do so. But in a creature like 
the frog it is obviously important diat the part of it which is directly 
exposed to the outer world should act as a protective covering. 
Accordingly we have the external surface covered by the protecting 
skin, wliile the duties of digestion and absorption, which demand 
more delicate tissues, are carried out by an internal surface, the lining 
of the gut. 

The stomach and intestine lie in a space, the general body cavity or 


* Often popularly miscalled excreta. 
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coelom; they are kept in place within it by a deHcate fold of mem- 
brane, the mesentery, which connects them with the dorsal side of 
the body cavity (Fig. 3). In this membrane may be seen a large num- 
ber of red tubes — ^blood-vessels conveying the red stream of blood, 
always in the same direction in any one tube. On die gut itself a 
meshwork of very small vessels can be seen; as a matter of fact their 



Fig. 3. Section across the hinder end of the trunk 
in a female frog. The abdominal organs (G, gut; 
ov, ovary; od, oviduct) protruded into the main 
body-cavity or coelom (Coe), which contains a 
colourless fluid. The lining of the coelom (or 
peritoneum) is dotted, the gut is suspended in the 
coelom by the mesentery, a double fold of peri- 
toneum iC, the kidneys, protruding slightly into the 
coelom. S, Ds, Ls, V$, lymph spaces; Ao, aorta; F, a 
vertebra, in which is running the nerve cord; NC, 

N, spinal nerves. The body-wall is composed of 
skin, lymph-space, muscles (shaded), and outer 
lining of coelom. 

smallest microscopic branches, or capillaries as diey are called, come 
into close connexion with the lining of the digestive tube, and the 
dissolved food substances are passed through their walls into the blood. 
The small branches can be seen to unite into larger, and these into 
larger still, until finally the whole of the blood from the gut is seen to 
pass into the liver by a single vessel (Fig, 23). 
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Before we pursue the fate of the blood in the liver, we must con- 
sider the general plan and working of the blood system. The web of 
a frog's foot or die tail of a tadpole is transparent enough for us to 
see its blood-vessels under the microscope. We see soHd particles, the 
blood corpuscles, hurried along within these various sized tubes in a 
stream whose motion is always in one direction, and takes place by 
jerks. The blood-vessels are branched, and in some of them the blood 
passes from large trunks to smaller and smaller branches, in others 
from the small branches to the main trunks. The former sort of vessel 
is generally called an artery, the latter a vein. If a frog is dissected, 
most of the large trunks are found to end in the heart; if this is opened, 
it is found to be nothing more nor less than a hoUow bag of muscle, 
divided into several chambers. As we shall see, it is so constructed that 
when the muscles contract, or in other words the heart beats, the 
blood is driven tlirough it, always in the same direction, owing to 
the arrangement of valves within it. From what we said above, it is 
clear that the blood leaving the heart will pass into the main arteries, 
and that blood will be pushed in from the main veins to take its place. 
The blood moves in jerks because of the successive beats of the heart, 
and the net result of the working of the system is that blood is con- 
tinually circulating from the capillaries to the heart and back again. 
This simple fact of the blood's circulation, although at the bottom of 
any real knowledge of physiology, was not discovered until the early 
seventeenth century, by William Harvey (Figs. 23, 24). 

There are three pairs of arteries leaving the firog's heart. One divides 
into branches supplying the mouth, head, and brain. The next pair is 
the largest; the two members of the pair unite to a common trunk 
rimning along the back, and called the dorsal aorta. This pair sends 
branches to both limbs, to the digestive system and all other internal 
organs, and to the muscles of the body. The third pair sends one 
branch to the lungs and another to the skin. The three pairs between 
them supply blood from the heart directly or indirectly to every 
organ of the body (Fig. 2). 

In the organs, the smallest branches of the arteries divide into capil- 
laries and the blood is driven on from these into the small veins The 
system of veins is more comphcated than that of the arteries. The 
blood from the head, fore-limbs, skin, and lungs passes direcdy to the 
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heart; but that from other parts travels a more complicated route. 
The blood from the capillaries of the digestive system, as we saw, 
passes into the liver in a large vein. In the liver, this branches and forms 
capillaries again, new veins are once more formed from these, and the 
blood only reaches the heart after having passed through two sets of 
capillaries instead of one. Such a vein is called portal; and we have 
thus the portal vein of the liver. There is also in the frog (but not in 
man) a portal vein of the kidneys, which leads most of the blood from 
the capillaries of the hind limbs to a second set of capillaries in the 
kidneys. 

The living tissues of every part of the body are thus in contact with 
capillary blood-vessels, and these have such thin walls that soluble 
substances can diiEFuse through them from the slow-moving blood in 
them to the tissues or from the tissues to the blood. Since the capillaries 
are all part of the single blood system, and the blood is always in circu- 
lation, it follows that substances from any part of the body can be 
transported to any other part. The blood system is thus, among other 
things, the body’s system of distribution and exchange. It plays 
roughly the same part in the body of a frog or a man as is played in a 
modern nation by the traffic of railways, roads and canals, the markets 
and retail tradesmen, the last-named being represented by the capil- 
laries. 

What is it that the blood distributes? In the first place, food. The 
dissolved food from the gut is taken to the liver; this acts as a sort of 
warehouse and refinery. Some surplus food is stored there to be dis- 
tributed gradually as needed, and other food substances are chemically 
changed by its action. 

The next substance to be distributed -is oxygen. It is obvious that 
energy is needed for carrying out movements, and as a matter of fact 
it is provided by the combination of oxygen with substances in the 
muscles; the more muscular work is done, the more oxygen is needed; 
the brain, too, is very sensitive to lack of oxygen; indeed we can say 
diat the general processes of life in higher animals are only possible 
as a result of steady oxidation. 

Oxygen is a gas. For it to pass into the blood there is needed a moist 
membrane, very thin, with oxygen on the one side and capillaries on 
the other. Since oxygen exists in the air, it would be possible for the 



INTRODUCTION 


121 

skin to be utilized as such a membrane; and this does actually happen 
in the frog. Its skin is very riclily supplied with blood-vessels, and is 
always moist. As a result, frogs can only live in damp places. Higher 
organisms, such as ourselves, have a stronger skin, and one which is 
dry. They can, therefore, live in more varied surroundings, but can 
no longer use their skin for absorbing oxygen. 

The frog, however, does not rely entirely on its skin, and it also 
possesses lungs, which can best be thought of as an internal surface 
specially designed for exchange of gases between blood and air. The 
lungs in both frog and man are a pair of spongy thin-walled bags 
divided up into a great number of compartments (and so providing 
a great deal of surface) in whose walls run very many blood-vessels. 
They are put into communication with the air by means of a tube, 
the wind-pipe or trachea, which opens into the back of the mouth 
cavity just in front of the gullet. In ourselves, air is sucked into and 
forced out of the lungs mainly by the movements of the chest and 
diaphragm, to whose walls the lungs are attached. But in the frog, 
air is sucked into the mouth through the nostrils, and then forced 
down into the lungs by contraction of the muscles of the throat, the 
nostrils being at the same time closed; it is driven out again by the 
elasticity of the lungs themselves. The frog has no diaphragm. The 
difference between our method and the frog’s is like that between a 
suction pump and a force pump. 

The oxygen passes into the blood system through lungs and skin, 
and, like the food, is distributed by the circulating blood to all parts 
of the body. Here it enters into combination with various constituents 
of the Hving substance, and, as a final result of these chemical processes, 
waste products are produced, which damage the organism if they 
accumulate, and must be got rid of. The most important of these end 
products of life’s activity are carbon dioxide (COg), water (H^O), 
and urea (N2H4CO) ; and the process of ridding the body of such sub- 
stances is called excretion. Carbon dioxide is a gas, and its excretion 
can and does take place through the same membranes, of lungs and 
skin, which serve for the intake of oxygen. Urea, however, and any 
surplus salts, are not gaseous and so can best be excreted in solution.* 

They could also be removed from any share in the processes of life by being rendered 
insoluble. This occurs, for example, in lobsters and crabs, where some waste substances are 
deposited in the shell, and got rid of at moulting. 
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The chief organs which remove substances from the blood in solution 
are the kidneys. In the frog, these are found at the back of the coelom 
(Figs. 2, 3). They consist of a great number of microscopic tubes, 
twisted together, and richly supplied with blood. The tubes eventually 
all open into a large draining tube, or duct, which runs backward and 
opens into the cloaca. Surplus urea and salts, together with water, are 
taken up from the blood by the little tubes, and the resulting fluid or 
urine is drained out along the duct (Fig. 29). 

Just opposite the openings of the ducts into tlie cloaca is another 
opening, that of the bladder, which is tliin walled and muscular, and 
lies on the front of the large intestine. This is simply used to store the 
urine until a considerable amount has accumulated, when it is passed 
out of tlie cloaca. 

Finally, not all the surplus water is excreted by the kidneys; some 
is got rid of in the form of water vapour by limgs and skin. 

The whole of the chemical processes going on in an organism are 
known collectively as its metabolism. This consists partly of tlie build- 
ing up of the soluble food materials into very complex colloid mole- 
cules, of which the living framework consists, partly in the break- 
down and wastage of this framework, partly in the breakdown of 
the simpler substances which act as fuel for energy production. 

If we now turn back for a moment to the blood system, and con- 
sider its detailed arrangement, we shall see that this can be understood 
in relation to metabolism. It will be easier to illustrate this from the 
blood system of man, which is in some ways botli simpler and more 
eifBcient. Here the heart consists of two separate halves, a right and a 
left, each consisting of a thin-walled chamber or auricle opening into 
a thicker-walled ventricle. The veins enter the auricles, the arteries 
leave the ventricles; and there exist flaps of membrane which act as 
valves and only allow the blood to pass in tlie one direction. The only 
veins which enter the left auricle come from the lungs; they therefore 
contain blood rich in oxygen and poor in carbon dioxide. In this con- 
dition blood is called arterial. From the left auricle it passes on into 
the left ventricle, and thence into the main artery or aorta, whose 
branches carry blood to all the organs with the single exception of 
the lungs. In the capillaries of the organs, the living tissues take the 
oxygen they need from the blood, and discharge into it the carbon 
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dioxide they have produced. The resultant blood, poor in oxygen but 
rich in carbon dioxide and other waste products, and called venous 
blood, is collected in the veins, and is sucked into the right auricle. 
Thence it is pumped into the right ventricle, and so through an artery 
to the lungs. The way in which tlie system of pump and tubes is con- 
structed thus ensures that all blood which has given away oxygen to 
the organs of the body shall go to the lungs, to be charged again with 
oxygen and to be rid of carbon dioxide, before going out once more 
to any of the other organs. The portal vein takes all the blood from 
the digestive system to the liver so that the surplus food materials may 
be there dealt with at once before going to the rest of the tissues; the 
Hver is thus in one respect like a central storehouse from which certain 
foodstuffs are rationed to the rest of the body as required (Fig. 23). 

In the frog the plan of the blood system is sHghtly different. Both 
auricles open into one single ventricle, so that some mixing of venous 
and arterial blood takes place. From the ventricle springs a tubular 
part of the heart, or truncus, not found in man. The position of the 
aperture from ventricle to truncus, and the valves inside the truncus, 
are so arranged, however, that the most arterial blood passes into the 
artery leading to the head, the mixed blood into that supplying the 
limbs and body, the most venous blood into that leading to the lungs. 
Thus the brain gets the blood richest in oxygen, and most, but not all, 
of the venous blood is taken to the lungs before again going to body 
or head. 

The blood system, however, is not only concerned with transport. 
Organisms are faced with the problem of co-ordination: and the 
blood system provides one method of dealing with tliis. The problem 
is this: given a number of organs, such as heart, lungs, limbs, stomach, 
kidneys, brain — how to ensure that they shall work together for the 
good of the organism, and not simply pursue their own activities 
independently of each other — ^how, in other words, to convert a mob 
into an army. 

The way in which the pancreas is made to secrete its digestivejuice 
at the right time, and only at the right time, will provide us with a 
good example of co-ordination through the blood stream. The pan- 
creas is usually inactive; but the passage of food from the stomach into 
the intestine is known to be followed by a secretion of pancreatic 

M.S.T. — M* 
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juice which is poured down the duct to help digest the food. How is 
diis done? When the food passes into the intestine, it stimulates the 
intestine chemically, causing it to secrete a special substance from its 
lining; this passes into the blood, circulates through the whole body, 
but, though it exerts no effect on most organs, stimulates the pancreas 
(and probably the liver) to activity. Tliis substance is called “secretin.^' 
It can be artificially extracted from the lining of the intestine and will 
then, if injected, cause the pancreas to secrete. Such “chemical 
messengers*’ are called hormones^ and the blood provides the channel 
by which they exert their chemical co-ordination between parts of 
the body. As they arc secreted into the blood, and not down a duct 
on to some free surface, they are included under the term internal 
secretions. 

Other internal secretions regulate growth and metabolism, prevent 
one organ from growing disproportionately to the rest, or have a say 
in the rate at which the various chemical processes of life shall work. 
A substance secreted by the pituitary, for instance, which is a small 
gland at the base of the brain, influences the growth of bone. If too 
much of it is present in youth the bones grow excessively, and giants 
are the result. Another substance secreted by the same gland causes 
frogs to become darker in colour. The thyroid gland is situated in the 
neck region of vertebrates. Its secretion influences the rate at wliich 
their metabolism goes on; with most mammals, too much makes 
them nervous and excitable, too little leaves them sluggish. The 
adrenals, the parathyroids, the pancreas, the reproductive organs, 
and probably other organs also produce internal secretions. 

Finally, the blood helps in the defence of the body. If proteins 
wliich are not normally found in a certain organism are injected into 
it, they arc precipitated or broken down into simpler substances. Not 
only that, but if they arc injected a second time after a proper interval, 
they can be destroyed more rapidly and in greater quantity. Bacteria, 
many of which, if they could live in the tissues or the blood, would 
give rise to diseases, contain such foreign proteins; and in nature it is 
chiefly bacteria which are thus destroyed if they obtain an entrance 
into the tissues. Familiar examples of the utilization of this property 
are vaccination, preventive inoculation for typhoid, and the antitoxin 
treatment of diphtheria. 
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The blood is thus the great distributor; it distributes the raw 
materials of life, its waste products, the chemical substances concerned 
in co-ordination and regulation, and those which help in the protec- 
tion against disease. It is a middle-man between each living part of 
the body and every other, and its circulation, begtm in the first weeks 
of life, must continue iminterruptedly if life is to be maintained. The 
only rest which the heart can have is between each beat and the next. 

There is in the frog, as in man, another set of spaces filled with 
fluid which are circulatory in function. These are the lymphatics 
(Fig. 25). Into them any surplus fluid which has passed from the 
blood into the tissues is drained out, and this fluid, for reasons we 
shall see later, is not red but colourless. In man the lymphatics start 
as small irregular spaces, which unite and eventuaUy drain into one 
of the large veins. In the frog, however, the small lymph spaces unite 
into very large lymph sacs, die biggest of which, filled with clear 
fluid lymph, lie between the skin and the muscles of the body wall. 
To pass lymph from these into the veins, special lymph hearts exist 
— two pairs of small muscular sacs pumping after the fashion of the 
true heart. The faint pulsation of one pair of these can be seen in life, 
just anterior to the cloaca, on the dorsal surface between the backbone 
and the hip bones: the other pair is below the shoulder-blades. 

The frog can move from place to place, and special organs are 
needed for movement as for digestion and circulation. The actual 
parts of the frog by which movement is effected are the muscles or 
flesh. Muscle is a form of living substance which has the property of 
contraction, or altering its shape, when stimulated in certain ways; it 
shortens its length, while increasing in breadth. There is, for instance, 
a layer of muscle arranged circularly round the gullet (as also round 
the rest of the gut). When this contracts in any one place, it narrows 
the tube of the gullet there; and it is by a wave of such contraction 
travelling from top to bottom of the gullet muscles that food is auto- 
matically passed down into the stomach. Or again, when the muscles 
of the bladder contract, the cavity of the bladder is made smaller and 
urine is expelled. For moving the animal from place to place on land, 
however, some part of the body must be held fixed against the ground, 
and the rest of the body moved relative to this fixed point. To 
accomplish this, a jointed framework is necessary; and this is provided 
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in the frog by the skeleton, composed, of substances known as bone 

and cartilage (Fig. 4), 

The skeleton, however, serves other purposes besides enabling the 
contraction of the muscles to effect movement. For one thing it acts 



Fig. 4. The biceps and skeleton of the human fore-limb, to illustrate the lever 
action of muscles. The muscle is attached to the shoulder-blade at <i, by means 
of two tendons; and to the radius bone in the forc-arm by one tendon at p, 
F is the fulcrum of the lever system, represented by the elbow-joint; the power 
is applied at p; and the hand represents the weight to be raised, w. When 
the biceps contracts it becomes thicker and shorter, and consequently the hand 
and the fore-arm arc raised. (Huxley, Lessons in Ekmentary Physiology, 1915.) 

as a support to tlie whole body. Living substance itself is soft and 
semi-fluid, with a specific gravity very slightly greater than that of 
water. Animals which live in the water, therefore, are almost entirely 
supported by the water; but a land animal of any size requires a firm 
skeleton to prevent it collapsing under tlic force of its own weight. 
A frog without a skeleton would spread out, if in air, like an egg 
taken out of its shell; whereas jelly-fish far bigger than frogs can 
manage to preserve their shape in water with no support except their 
watery jelly. 
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Fig. 5. The skeleton of a frog. Note the skull, with cranium (fp), auditory 
capsules (o), nasal capsules («), jaws (m, q, p), orbits (between cranium and 
jaws); backbone composed of nine separate vertebrse and a rod {u) represent* 
ing several vertebras fused together; shoulder girdle (the shoulder-blade (d) 
removed on the left side to show the ventral portions of the girdle); fore-limb, 
with humerus Qi), fused radius and ulna (r), wrist (/), and digits (^); pelvic 
girdle, the dorsal part of which (ilium, i) articulates with the sacrum (sacral 
vertebra, sv ) ; and hind-limb, with femur (j) articulating with the pelvic girdle, 
fused tibia and fibula (t), ankle with elongation of two bones (astragalus, 
and heel-bone or calcaneum, c), and digits (k)* (Marshall, The Frog, 1923.) 



ANIMAL BIOLOGY 


128 

Again, certain delicate organs require to be protected against injury 
and shock; in the frog, the brain and spinal cord, the organs of smell 
and hearing, and to a certain extent the eye, are enclosed within parts 
of the skeleton. 

The frog’s skeleton (Fig. 5) is built on the same general plan as that 
of a man. There is first a central portion consisting of skull and 
backbone. The skull is a composite structure. In the centre is the 
brain-box or cranium, containing the whole of the brain. In front 
of these are the two nasal capsules, closed above and at the sides, open 
below, in which the organs of smell are lodged. At either side of the 
cranium’s hinder end are similar but still more completely closed 
capsules, to house the organs of hearing. The skeleton of the upper 
jaw is fixed to the nasal capsules in front and to the ear capsules 
behind. On it are numerous small teeth, all of the same pattern, and 
merely attached to the surface of the jaw, instead of being firmly 
fixed in sockets like our own. There are teeth also on a pair of small 
bones near the centre of the roof of the mouth, but none on the lower 
jaw bone, which is hinged to the hind end of the upper jaw. The 
orbits, or spaces for the eyeballs, lie between the cranium and the 
upper jaw. There is finally the hyoid, a small plate embedded in the 
floor of the mouth and attached to the hinder end of the skuU; this 
gives attachment to the muscles which move the tongue. 

The backbone encloses the spinal cord. It is formed of nine separate 
pieces or vertebrae, together with a longer rod at the hind end which 
represents a number of vertebrae joined together. Each vertebra 
consists essentially of a more solid ventral piece, mainly for support, 
to whose upper side is attached an arch for the protection of the spinal 
cord. The first vertebra fits on to the hind end of the skull, and the 
others are jointed to each other by ball-and-socket joints in the 
supporting portions, and by pairs of smooth surfaces springing from 
the arches and fitting one against the other. The frog has no ribs. 

The skeleton of the hind-limb consists of a thigh bone, fitting at its 
upper end into the lup girdle; a shank bone; the ankle bones; and 
the bones of the foot, each toe containing a series of small bones 
arranged in a row. All diese parts are jointed to each other in various 
ways. The joint between thigh and hip girdle is arranged on a 
ball-and-socket principle, allowing the thigh to be moved into a 
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great variety of positions; those between thigh and shank or shank 
and ankle, however, whole allowing free motion backwards and 
forwards, do not allow much in other directions. A number of 
muscles are to be found in the hind-limb. They may be attached 
directly to a part of the skeleton, or indirectly by means of a tendon, 
a tough sinewy cord, which may be fixed to a bone some distance 
away, and so act like a pulley rope. 

The skeleton of the fore-limb is built on exactly the same plan, but 
all its parts are shorter, particularly that part (the wrist) which corres- 
ponds with the ankle in the hind leg. AU animals which jump have 
their jumping legs elongated in order to give powerful leverage; one 
has but to think of a grasshopper, a kangaroo or a jerboa, besides the 
frog. 

The hind legs are attached to the hip girdle, and this in its turn is 
firnoly attached to part of the backbone. The fore-limbs’ skeleton is 
also attached to another portion of the skeleton, the shoulder girdle; 
this, however, is not attached to the backbone, but is simply embedded 
in the muscles of the body wall. The shoulder girdle also joins 
ventrally on to the breast bone or sternum, which protects the heart, 
and gives attachment to muscles moving the fore-limbs and the hyoid. 

By means of the muscles and the skeleton, then, the frog can 
move. But how are its movements to be regulated, made to serve 
some useful purpose such as capturing food? How are the muscles to 
be co-ordinated together instead of one working independently of^ 
or even in antagonism to, another? This is effected by means of the 
nervous system and the receptor organs. 

The receptor organs are those parts of the living organism which 
are specially sensitive to the changes going on around them. Some 
of them are affected by the changes going on inside the body in 
muscles and joints and in the organ of balance (proprioceptors), 
others by the changes taking place in the world outside (exterocep- 
tors). Some of these latter are especially sensitive to changes of 
temperature, others to changes of pressure; some to waves in the 
ether (light), others to waves in the air; others again to chemical 
substances; some translate all changes which affect tihem into a sense 
of pain. 

The exteroceptor organs are the windows of the animal into the 
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outer world. Through die proprioceptors we are aware of the position 
of the various parts of the body, which of course depend on the 
degree of contraction of a number of muscles, the degree of bending 
of the various joints, and upon our position with regard to the vertical. 
The receptor organs include the sense organs, but are not the same 
tiling, since many receptors when stimulated do not always give rise 

to sensations, and some never do. 

A receptor organ, in fact, is in 
itself responsive to one particular 
sort of change, but its stimulation 
may or may not give rise to a 
sensation in consciousness. They 
enable action to take place in re- 
sponse to changes inside or out- 
side the body, and in some cases 
in addition the animal is dirough 
them made aware of these changes 
by sensations being aroused. Re- 
ceptor organs may be large and 
important structures; such, in the 
frog or man, are the eye, the ear, 
and the organ of smell. By means 
of the eye it is possible for the frog 
to be aware of the form, size, and 
probably colour of objects at a 
distance; if it had no ear it would 
not only be unable to perceive sounds, but also to balance itself. The 
nose enables it to detect distant objects by reacting chemically with 
particles wliich they give off into the air. 

Taste, like smeU, is a chemical sense, but gives information not 
about distant objects but about those which find tlieir way into the 
mouth; a number of very small taste organs are scattered over certain 
- parts of the tongue. 

The receptor organs for touch, pain, heat and cold are all micro- 
scopic, and are scattered over the surfece of the body, more abundantly 
in some regions than in others. 

In all the higher animals, receptor organs are always connected 



Fig. 6. The right inner ear (mem- 
branous labyrinth) of a frog, seen 
from the outer side, a, p, and h are the 
three semicircular canals (anterior, 
posterior and horizontal respectively) , 
in the three planes of space, with 
swellings (ampullae) at b, r, and u u is 
the utricle, s the saccule. From the 
saccule the cochlea of mammals deve- 
lops (seep. 210). (Marshall, The Frog, 
1923.) 
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with the nervous system. This consists of the central nervous system, 
and. the nerves and ganglia (Fig. 7). The central nervous system 
includes the brain and tlie spinal cord. The brain of a frog is a soft 
whitish organ, richly supplied with blood, and of a complicated 
shape. We can distinguish three main divisions in it, the fore-brain, 
the mid-brain, and the hind-brain. In the fore-brain, the largest part 
(and as we shall later see, in some ways the most important) is the 
cerebrum, consisting of the paired cerebral hemispheres. In front of 
this are olfactory lobes connected with the nerves of smell; behind it 
a small part with curious stalked bodies arising from it, the pineal 
above and the glandular pituitary below. The mid-brain is small; 
the hind-brain again large, and divided into the cerebellum and the 
medulla. 

The spinal cord is joined to die medulla. It runs the length of the 
backbone, and has no specially distinguishable parts. From both 
brain and spinal cord spring a number of white branching structures, 
the nerves. Those from the brain are called the cranial nerves. When 
traced out, most of them are found to end in the sense organs and 
muscles of the head, but one pair in particular, the vagus nerves, run 
right down into the body and send branches to heart, lungs, stomach, 
and other organs. On the other hand, none of the spinal nerves, from 
the spinal cord, run up into the head (except the first, which supplies 
the throat region); they end in the receptor organs of the body and 
in the muscles of the Hmbs and body wall. 

Down the back of the body cavity there may also be seen a double 
chain of nerves which is not directly connected witli either brain or 
spinal cord. On this chain there is typically a swelling or ganglion 
opposite each spinal nerve, and diis gangHon is connected with the 
corresponding spinal nerve by a thin nerve branch; the chain also 
continues into the head, where similar connexions are made with 
some of the cranial nerves. This set of nerves is called the sympathetic 
system; the branches given off from it run mainly to glands and to 
muscles not connected with the skeleton, but forming part of internal 
organs such as those of blood-vessels, of the digestive tube and of the 
bladder. 

What is the function of the nervous system? When we examine 
a nerve we find that it is composed of a bundle of nerve fibres, m the 
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Fig, 1, The nervous system of a frog, in ventral view. The membranous nasal 
sac (N) enclosing the organ of smell, and the eyeball (o), arc also shown. I, 
olfactory nerve from nose; II, optic nerve froixi eye; III, IV, VI, nerves to 
eye muscles; VO, facial nerve; VllI, nerve Ironi ear; X, vagus nerve to heart, 
stomach, limgs and larynx; Ml—MlO, the ten spinal nerves; S, sympathetic 
chain, with sympathetic ganglia; SI— SIO, each connected with their corres- 
ponding spinal nerves. Note tlie junction of M2 and M3 to form a plexus for 
the arm, and of M7-M1() to form one for the leg. In the brain the cerebral 
hemispheres (He) are shown, with the olfactory lobes in front of them. 
Behind the X-shaped figure made by the junction of the optic nerve lies the 
pituitary. M marks the junction of the medulla oblongata and spinal cord. 
(Marshall, The Frog^ 1923.) 
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same way as an electric cable is composed of a bundle of wires. 
Each of these nerve fibres is a microscopic thread of living substance 
which has the power of conducting impulses or excitations very 
rapidly along its length, roughly as a wire conducts an electric 
current.* And the nerves themselves are like cables each containing 
a number of wires. The nerve-fibres from receptor organs run in 
nerves until they reach the central nervous system, and there split up 
into a number of very fine branches. 

Other nerve-fibres carry impulses outwards and are connected 
with what we call effector organs — organs wliich are capable of 
active work, the muscles and the glands. The two sorts of nerves are 
called afferent and efferent, because of their carrying messages to and 
from the central nervous system respectively; or, sometimes sensory 
and motor, because of their main functions. 

The ends of the afferent fibres inside the celitral nervous system are 
branched. These branches come into contact with those of other cells, 
and sooner or later with the similar branches of efferent fibres. 
Sometimes they connect, after a few intermediate steps, with cells 
which send out efferent fibres in the same region of the cord. In 
other cases they connect with the end branches of cells whose fibres 
run up and down within the central nervous system, often up to the 
brain; but even so the other ends of these fibres are always connected, 
directly or indirectly, with efferent fibres.f 

All messages from receptor organs, therefore, always pass to the 
spinal cord or brain; within these organs, they are, either directly or 
indirectly, passed on to efferent fibres; and so finally to muscles or 
glands. The result on these effector organs may be either to start or 
to increase their activity (“excitation”), or else to diminish or stop it 
(“inhibition”). In any case, by means of tlie nervous system, a change 
in the outer world or in the body itself is made to exert an effect on 
the working of muscles or glands, often in quite other parts of the 
body (Fig. 30). 

When an action is carried out thus by an effector organ as the result 
of a stimulus transmitted to it along nerve-fibres from a receptor 
organ, it is called a reflex action (or simply a reflex), because the 

* In man, impnlsns are conducted along nerve-fibres at the rate oJ about 12b metres a second, 
in a frog more slowly, at the rate of 28 metres a second. 

t The point of contact between the branches of two separate nerve-cclis is called a synapse. 
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stimulus travels to the central nervous system and is then, as it were, 
reflected outwards again along the efferent fibre; and the arrangement 
of organs concerned in it is called a reflex arc. Good examples of a 
reflex action are the narrowing of the pupil of the eye when strong 
light falls upon it, and the watering of the mouth at the sight of 
appetizing food. In both cases the eye is the receptor organ, but in one 
case the effector organ is a muscle (the circular muscle of the iris or 
coloured portion of the eye), in the other a gland (the saHvary gland). 

The spinal nerves and spinal cord, taken by themselves, represent 
nothing but a huge system of interrelated reflex arcs; in other words, 
a wonderful arrangement for translating changes in the outer world, 
through their effects on receptor organs and nerve-fibres, into action. 
A particular stimulus will automatically call forth a particular action 
because there is a path (predetermined through heredity) in the 
nervous system from the receptor organ affected by the stimulus to 
the muscle or gland which acts. That tlois is so can be shown by 
destroying the whole brain of a frog. The rest of the frog is now quite 
unconscious, but can continue to live for many hours. The Hmbs 
hang limp; but if the toes are pinched, the leg will be drawn up; if 
a drop of acid be placed on the skin of the back, the leg will be raised 
to wipe it away. It may be noted that the number of efferent paths is 
considerably smaller than the number of afferent. The nervous 
system in tins respect is like a funnel, with stimuli poured into its 
broad top, to issue in a narrower stream of action. 

What then does the brain do in the frog’s organism? In the first 
place it receives the messages from the large organs of special sense in 
the head — sight, hearing, smell, and taste. Secondly, it is the main 
controlling centre of the animal. Thirdly, it (or rather part of it) is 
die seat of consciousness.* Owing to the first cause, the constant 
stimulation through the organs of special sense, the brain is in more 
intimate relation with the outer world, and with more of tlie events 
of the outer world, than is the spinal cord or any other part of the 
frog. 

Then there is tlie question of control. In the spinal cord not all the 
branches of afferent fibres connect at once with branches of efferent 

* In man the fore-brain is known to be tbe part of the organism with which consciousness is bound 
up. We presume that the frog, too, possesses some degree of consciousness, and that this is related 
to the same part of the brain as in ourselves; although the evidence is of course indirect. 
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fibres leaving the cord; some enter into relation with special fibres 
which run up inside the cord to the brain, and there make connexions 
with fibres of the brain. From other parts of the brain, fibres run 
down the cord again, and come into contact there with branches of 
efferent fibres. The efferent nerves of the cord, therefore, can be 
affected first by the messages of the sense organs brought along the 
afferent fibres, and secondly by messages from the brain. Now the 
brain, as we saw, is in better contact with the outer world than is the 
rest of the frog; further, it is the seat of memory. Thus the messages 
from the receptor organs of the skin and of the inside of the body are 
sent up to the brain and tliere brought into relation with messages 
from more distant surroundings and with records of the past. In just 
the same way, in an army in the field, the battahons in the line send 
up reports to headquarters of what they have discovered about the 
enemy, and of what they themselves are doing; and at headquarters 
these reports are considered in the light of the much wider knowledge 
both of present and past conditions, acquired through the intelligence 
and operations branches. Finally, just as a battalion commander 
might think that to attack was the right policy and yet might be 
ordered to remain inactive owing to some situation far behind the 
enemy’s firont, of which he knew nothing, so the reflex action which 
would inevitably take place if the spinal cord were left to itself may 
be altered or entirely stopped by messages reaching it from the brain. 
A sneeze, for example, is a reflex action; but we can usually stop it 
by an effort of will if we realize, for instance, that to make a noise 
will put us in danger, or remember that there is an invalid in tlie 
room who must not be awakened. 

Finally, states of consciousness seem to correspond with special 
ways of setting the connexions in the brain. When we are angry, the 
brain connexions are so set that messages may run out to all the 
effector organs concerned in attack and defence; when we are afraid, 
the machinery for running away is put in readiness; when we are 
depressed, it means a damping down of all our general activities, 
and so forth. 

The reflex arcs connected with the spinal cord thus represent the 
machinery by which an animal’s actions are possible. But the particular 
actions carried out depend upon the way in which the brain influences 



ANIMAL BIOLOGY 


136 

diis meclianism. The range of actions possible to a frog is much less 
than that possible to a dog or monkey; and that of a dog or monkey, 
again, very much less than that possible to a man. The differences 
between the spinal cord machinery of the three types of animals, 
however, is comparatively small; it is through differences in the brain 
that the same general machinery can be adapted to many more 
situations and made to carry out a far greater number of distinct 
actions. 

By means of the nervous system, then, as well as through the blood 
system, co-ordination is carried out. But whereas the co-ordination 
effected by internal secretions in the blood is primarily between one 
internal organ and another, that effected by nerves is largely between 
the outer world, as it stimulates the receptor organs, and internal 
organs. What is more, a much more finely adjusted co-ordination 
can take place through the nerves than through the blood. Actions 
like the accurate bringing up of the frog’s leg to the particular spot 
on the back which is stimulated, or my using my pen to write these 
words, involve just the right degree of contraction of a large number 
of muscles, and are far more complex and nicely adjusted in detail 
than the secretion of the pancreas under the influence of the hormone 
from the intestine, or the darkening of the frog’s skin when the 
pituitary hormone is injected. Furthermore, in the working of the 
nervous system, we find that one part is in the relation of central 
headquarters and so dominates or controls the rest, whereas nothing 
of the sort happens in co-ordination through the blood. 

We have not yet mentioned the reproductive system, by means of 
which new frogs are produced from old; but this will be best treated 
in anotlicr chapter. 

So far we have dealt witli the working of the frog’s organism, and 
tire plan of its structure. It remains to consider the frog in relation to 
its surroundings. When we do this, we find that there are so many 
correspondences that tlicy caimot well be due to chance. The common 
frog spends much of its time in the water; and its hind feet have a web 
between the toes. It uses its skin for respiration; and lives in damp 
places. It feeds on small animals; and has a tongue suited for seizing 
such prey widi lightning rapidity. It is preyed upon by various birds; 
but lias a blotched skin to camouflage it, and, furthermore, a skin 
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which changes colour with its surroundings, becoming darker on a 
dark background and vice versa. The tree frog, on the other hand, 
lives among the leaves of trees; and it is coloured green. It must 
climb tree trunks; and possesses special adhesive pads on its feet. 
The tongue of a frog would be of no service to a grass-eating cow, 
nor its webbed feet to a dog or cat, nor its skin to a desert-dwelling 
animal. 

In brief, the structure and habits of die frog, like those of all other 
organisms, fit its surroundings; and we say that it is adapted to its 
particular environment. Hotv it is that animals and plants are adapted 
to their surroundings is another and far more difficult problem, 
which we must leave for the present. 

Our next immediate concern is to penetrate into greater detail of 
the frog’s anatomy. So far we have only considered structures visible 
with the naked eye or with the help of a hand lens. But by means 
of the microscope we can submit the frog’s tissues to a magnification 
of several hundred diameters, and see much that was invisible before. 
This branch of zoology is called histology, or die microscopic 
anatomy of tissues. 

Perhaps the most important fact revealed by diese methods is the 
fact that all tissues are made up of definite units of living substance, 
usually called cells. The name cell is not a very good one, as it suggests 
hollow boxes, and the living cell is not hollow and is in no sense like 
a box. However, the name was first given to the hollow boxes of 
which cork and pith are seen to be composed when examined under 
the microscope; these are the dead cases of once living tissue units. 
Then the name was transferred to the Hving tissue units of plants, 
living contents, box, and all; and finally, when it was clear that the 
sHmy contents were the essential and the box something incidental, 
found in plants and not in animals, the term became restricted to the 
contents, and the box of cellulose in plants was called the cell wall. 

A cell is the functional unit of living substance or protoplasm. This 
semi-fluid, almost transparent material, generally containing granules, 
is a complex mixture of substances, some of wliich in their turn are 
also of extreme chemical complexity. Cells, both of animals and 
plants, normally possess a speciaHzed cell membrane at the surface, 
which regulates the passage of materials in and out of the cell, and a 
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central usually rounded body with a definite membrane of its own, 
tlie nucleus. The protoplasm apart from the nucleus is called the 
cytoplasm. 

All tissues are made up of Hving cells, together in some cases with 
dead substances produced by cells; and each tissue consists of one or 
a few characteristic kinds of ceUs, arranged in a characteristic way. 

Blood is the tissue (if we may stretch the term “tissue” to cover a 
mass of cells not joined together, but moving freely in a fluid) which 
is most easily examined microscopically. If we look at a small drop 
of frog’s blood under the microscope, we shall see that it contains 
thousands of cells. The commonest type is a flattened oval in shape, 
with its cytoplasm of a faint straw colour, and containing a central 
uncoloured nucleus. In bulk these corpuscles give blood its red 
colour, and are called the red corpuscles. Their colour is due to a 
pigment called haemoglobin which they contain, and by means of 
which they convey oxygen round the blood stream (Fig. 24). 
Human red corpuscles are smaller, bi-concave, and without a nucleus. 
Besides these, Acre will be seen a number of smaller, uncoloured 
bodies, capable of slow movements and alterations of shape; these 
are called the white corpuscles. Most white corpuscles have the 
power of devouring bacteria and other foreign particles (Plate 12). 
When they collect in large numbers, inflammation is often found. 
They are the body’s microscopic policemen and scavengers. 

Next we distinguish a whole group of tissues wliich form linings 
to surfaces, whether external or internal; such a lining is called an 
epithelium. The body cavity, for instance, is Hned by a single layer 
of flattened cells fitted together like a simple jig-saw puzzle; the 
absorptive lining of the gut by narrow cylindrical cells; the lining 
of the windpipe by cubical cells armed witli tiny lashes or cilia which 
beat uninterruptedly and drive any small foreign particles up and 
out of the windpipe. The outer skin, or epidermis, on the otlicr hand, 
is an epithelium of many layers of cells. The lower ones are roughly 
cubical, and are continually producing new cells which become 
gradually transformed into homy plates to be mbbed off on the 
outer surface as scurf; in this tissue, therefore, cells are constandy 
dying diroughout life, being sacrificed for the good of the whole 
organism. The horny layer is much better developed in land 
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forms than in water animals or the moist-skinned frog (Fig. 35). 

Organs of touch are scattered just below the epidermis, and 
numerous glands open on it — sweat glands, for instance, in man, 



Fig. 8. (a) Section of cartilage (from frog’s breast bone) bigbly magnified. 
Cartilage cells, several of them ha^g recently divided into two, are lying in 
the tough matrix which they have secreted, (b) Section of bone (from pig’s 
thigh bone) highly magnified. In life, blood vessels run in the large circular 
black spaces and bone cells occupy the smaller branched spaces. The inter- 
mediate material is the bone matrix. (From Bourne.) 
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slime glands in the frog. Glands are those parts of the organism whose 
function it is to extract or manufacture particular substances from 
the blood, whether they are substances of which the organism will 
make use, or substances of which it must rid itself. The pancreas 
secretes pancreatic juice for use in digestion, the kidneys secrete urine 
for elimination from the system. The simplest kinds of glands are 
single cells, such as the mucus or slime cells which are scattered 
among the absorptive cells of the frog’s intestine, and secrete a 
lubricating fluid. Most glands, however, are many-celled tubes or 



Fig. 9. The fibres of ordinary connective 
tissue after removal of the cells, a and 6, 
bundles of white fibres; r, single elastic 
(yellow) fibres. (Huxley, Elementary Lessons 
in Physiology^ 1915.) 

pockets of epithelium, either unbranched or slightly branched like 
the glands of the stomach, or much-branched like the liver or salivary 
gland. Their cells are usually more or less cubical. Generally little 
spherules of the substance which they secrete are to be seen within 
their cells; after a gland has been in action, however, these are seen 
to have disappeared — they have been discharged (Fig. 27). 

The cells of muscles are very remarkable structures. The simplest 
are found in smootli muscle; tliey are very much elongated, and are 
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marked with a number of fine fibrils along their length. In voluntary 
muscles (those attached to the skeleton), each unit is made of a 
number of cells run together, as is evidenced by the number of 
nuclei which it contains. Further, in addition to longitudinal fibrils 
there are a number of transverse bands across the fibres of voluntary 
muscle. The presence of these bands is somehow associated with 
greater rapidity in contraction. 

Next we have a group of tissues called the supporting tissues. 
They have the property of secreting dead substances out of their 
living selves, and by this means building a skeleton or framework. 
In gristle (cartilage), for example, a number of roundish cells can be 
seen, embedded in a stiff jeUy-hke substance which they have pro- 
duced. The same is true of bone, save that there the cells are usually 
arranged in definite systems, often concentric, and that fine branches 
from them penetrate the ground substance in every direction. 
Connective tissue, on the other hand, which binds up every organ in 
a fine firm sheath of tissue, has a number of scattered cells which 
produce bundles of fibres, interlacing in every direction, and giving 
great tensile strength combined with elasticity. If we could conjure 
away every other tissue of the body, we should still see the outlines 
of every organ, including the course of every vein and artery, every 
nerve, preserved for us in this pervading scaffolding of connective 
tissue (Figs. 8, 9). 

Nerve cells or neurons, as befits their remarkable functions, undergo 
perhaps more change during their development than does any other 
type of cell. In early stages, they are irregularly rounded, like most 
other cells at this period. After a time, however, a prolongation 
grows out at one end, and one or more similar prolongations at the 
other. These continue to grow, and become the conducting nerve- 
fibres we have already spoken of; some of them may reach relatively 
enormous lengths, the muscles of the toes, for instance, being supplied 
by fibres which run all the way from cell bodies in the spinal cord — 
a distance of several yards in the largest animals known. A nerve- 
fibre is thus always attached to a nucleated cell body, and camiot exist 
without it; if a nerve be cut, all the fibres which are no longer attached 
to cells die; whereas those parts of them which are still in connexion 
with the cell bodies will live and regenerate. The nerve-cells in parts 
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Fig. 10. Diagram to show tho main parts of a nerve-cell (a motor neuron 
from the ventral horn of the grey matter in the spinal cord), origin of 
main outgrowth or axon, ax. c, cell body, d, shorter branched outgrowths 
(dendrites); their fine terminal branches are not shown, m, s/, sheath cells 
round axon, separated by nodes (nR); at the one marked, the axon has divided. 
sf, another branch of the axon, «, nucleus of the nerve-cell with its nucleolus. 
teU end plate formed by the tip of the axon, through which impulses are 
transmitted to the muscle fibre (in reality, the axon will always be much 
longer relatively to the cell body)* 



INTRODUCTION 143 

of the cerebral hemispheres are remarkable for the degree of branch- 
ing shown by their processes; it is probable that these are concerned 
with memory, and in man with the association of ideas (Plate 3 and 
Figs. 10, 34). 

In the same sort of way in which a substance is chemically composed 
of molecules, so the higher animals and plants are built of cells. They 
too, of course, are in their turn composed of molecules, and those of 
atoms; but the cells are the smallest definable biological units. 

In a sense, the body is a colony of cells. In a beehive, the fives of 
the individual bees are subordinated to the good of the colony; so 
too the individual cells are subordinate to the good of the body, but 
the subordination is far more thorough, and the ‘‘colony” can act 
as a single whole far more efficiently than the hive. 

This it can do in spite of the enormous number of cells which it 
contains. If human beings were blood corpuscles, the population of 
London would almost fit into a cubic millimetre of human blood, 
and the population of the world into a dozen drops. 

A frog, then, is a mass of living substance organized on a particular 
plan, and this plan bears a definite resemblance to that of human 
beings, although it is altogether different firom the plan on which 
both crayfish and cockroach, for instance, are constructed (Plate 2 
and Figs. 73, 75). It is composed of cells; these joined together into 
tissues; these again into organs and systems of organs. Each organ is 
constructed so as to work in a particular way, which is normally 
for the good of the whole organism to which it belongs. Some organs, 
like the digestive system and the glands, carry on chemical work; 
the skeleton is a passive support and protection; the blood system is 
the go-between for all the others; the muscles by changing their 
shape move the whole organism or alter the state of the organs; the 
receptors are like windows into the world of events. But through one 
window one set of events only can be seen, through another window 
only another set; the nervous system ensures that the reports of 
different kinds of events shall be co-ordinated, and that on the whole 
the right response shall be made to the right event. Thus the nervous 
system, together with the chemical regulation effected by way of the 
blood stream, makes it possible for the animal to act as a unity, as a 
single whole, and so to deserve the tide of organism. 
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DEVELOPMENT AND HEREDITY 

F rogs grow old as well as men, and will die of old age even if 
they have not previously met death by some accident. If there is 
to be a race of frogs, there must therefore be a continual production 
of new frogs to take the place of the old. Our next inquiry must be 
into the method adopted to ensure this reproduction. 

If we run an individual frog’s history backwards through our 
minds, as a film can be run backwards through a cinema, we find that 
the full-sized or adult frog was preceded by a young frog of much 
smaller size, but of the same general shape and structure. Before this, 
however, the frog was so diiSferent as to merit a different name; it 
was a tadpole, lived only in the water, fed mainly on vegetable food, 
had only rudimentary legs, and swam with a tad. It did not breathe 
by lungs, but by gills ; these are branched outgrowths of the body wall 
with many capillaries just below a very thin skin. They grow on the 
outer borders of slits which lead from the cavity of the mouth to the 
side of the neck, and, since water is continually being sucked in at 
the mouth and then forced out through these gill-slits, they can be 
always taking up dissolved oxygen from the water and passing carbon 
dioxide out into it. In large and medium-sized tadpoles, the gills and 
gill-slits are covered by a flap of skin or gill cover; but in quite small 
ones the gills stand out free on the side of the neck. As the adult frog 
grew out of a smaller frog, so the large tadpole has grown from a 
smaller tadpole of the same general form and containing the same 
systems of organs, except diat it is altogether without limbs. The 
small tadpole, in its turn, hatched out of a glutinous covering, which 
with several hundred others formed a mass of frog spawn. 

If we had gone farther back and examined the developing frog 
inside the jelly a few days before hatching, we should have seen that 
it still had the general form of a tadpole; but its gills were mere knobs, 
its tail not fully formed. Before that again there was a time when, 
although the general plan of the internal organs was the same, the 
organs themselves were not present as working pieces of machinery, 
but merely blocked out in an undifferentiated state, with their com- 
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ponent cells not yet speciaUzed as in die adult. Tlie liver at this stage, 
for instance, was represented merely by an unhr.uiched tube; the 
heart was an S-shaped blood-vessel, as yet without muscles or valves; 
the chief parts of brain and spinal cord could have been seen, but in a 
much more rudimentary shape than in the full-grown frog, and with 



Fig. 11 . Transverse microscopical section across very young cat embryo in 
the germ-layer stage. Above, ectoderm (neural folds not yet developed); 
below, endoderm; between, mesoderm. In the centre the layers are still united. 
A mitolic figure is seen just to the left of the centre (x400). (Dahlgren and 
Kepner, Textbook of the Principles of Animal Histology ^ 1908.) 

no nerve-fibres yet formed by oiEgrowth from their cells (Plate 4 
and Fig. 12). 

Still earlier, the developing animal had no particular resemblance 
to a tadpole, and even the main organ systems were barely recogniz- 
able. The future brain and spinal cord, for example, were represented 
by a groove along the back; the digestive system was an irregular 
space within a mass of yolk in the interior. Before this, the organism 
(when passing through what is termed the gastrul.i stage) was quite 
spherical, consisting of an outer sheet of several layers of small cells, 
an inner sheet mainly composed of big yolk-laden cells surrounding 
the cavity which is the first rudiment of the gut, and a middle sheet 
between the other two (Plates 4, 5, and Fig. 11). 

A day or so earlier, in the blastula stage, there was but one sheet of 
cells, and no digestive rudiment. Earlier still, there were only a few 
large cells; and at the last, we can trace our frog back to a single very 
large cell, black above and white below, loaded with reserve food in 
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the shape of yolk, and containing but a single nucleus. This is the 
fertilized egg (Plates 4, 5). 

‘‘What is the origin of the fertilized egg?'’ is the next obvious 
question. But before attempting to answer this, we must go in some- 
what more detail into the actual progress of development. 

This can be divided into a number of periods. The egg contains 
plenty of yolk, in order to provide food for the young frog before 
it can feed for itself. It is consequently a very large cell, and the first 
step to be taken is to divide it into cells of a more convenient size — 
the bricks to be used in the future building. The egg divides into two, 
these into four, and so on, until the blastula stage is reached. 

This marks the close of the first period, usually called the period 
of segmentation. The second period ends in the formation of a rough 
— a very rough — ground plan of the future organism. A fold of the 
dark, smaller cells grows over the larger yolky cells, and the crack 
between the iimer layer of the fold and the yolk afterwards swells 
out to be the first rudiment of the digestive system. If you hold one 
end of a sheet of paper in place and bring the other end down towards 
the first, you will produce a similar fold; but the movement of the 
living fold is caused by rapid growth of cells just about the folded 
part. Between the inner and outer layers of die fold a third layer or 
cells is split off. Now the first ground plan is ready — there are three 
distinct layers of cells in existence. The outer layer will later give 
rise to the epidermis of the skin, the sense organs, and the nervous 
system; the inner layer to the gut and all its appendages such as liver, 
pancreas, thyroid, lungs and giU-slits; and the middle layer to die 
muscles, the skeleton, the connective tissue, the blood system, the 
kidneys and the reproductive organs. These three primary layers are 
called germ layers, so that this is the period of germ-layer formation. 
Segmentation and germ-layer formation are a good deal simpler in 
forms with less yolk in their eggs. Plate 5 illustrates the simpler course 
of development in Amphioxus. 

In die third period a great advance is made — the main systems of 
organs are blocked out. The embryo lengthens: a groove forms on 
the back, deepens, and its sides arch over and meet to produce a tube; 
this tube is the rudiment of die whole central nervous system, and 
of most of the nerves. Tiny pits appear on the side of the head, 
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representing the future nose and ear; and from near the front of the 
nerve-tube, two hollow outgrowths arise which will form the main 
part of the eyes. Below the nerve-tube, a long straight rod is nipped 
ojff from the top of the gut. This is the notochord, the early and less 
complicated precursor of the true backbone. On each side of the 
notochord, the middle layer of cells grows rapidly, and cuts itself 
up into a series of blocks of tissue, the muscle segments; from these 
the voluntary muscles will be formed. Below them, a split appears 
in the middle layer — the rudiment of the body cavity. From its walls 
a series of funnel-shaped tubes grow out, and their ends unite and 
form a duct which grows back to open at the hind end — the rudiments 
of kidneys and of ureters. 

The mouth and anus are pierced; outgrowths of the gut produce 
the pancreas and Uver rudiments; other outgrowths reach the exterior 
and will form the gill-slits. Scattered cells of the middle layer unite 
to form tubes, and these tubes join up to give the blood-vessels. The 
main characteristic of the period has been the formation, in a very 
short time (not more than forty-eight hours at ordinary temperatures) 
of a great deal of visible structure where very Httle was to be seen 
before. We may call this the period of primary differentiation of 
organs {see also Plate 10 (a)). 

At the end of this period the laying out of the detailed ground 
plan, some little time before hatching, the chief organ-systems and 
organs are thus all present, but they are not yet in working order — 
their cells are still all of the same general type, not specialized for 
their various duties. The next, or fourth period, therefore, is primarily 
chiefly that of the differentiation of the tissues. The gut rudiment, 
growing capable of digesting, becomes a gut; the muscle rudiments 
become muscles; the nerve-tube becomes a brain, spinal cord and 
nerves; and so on with the rest of the organs of the body. This change 
is. accomplished by the time of hatching for some organs, a httle later 
for others. It takes place through transformation of the shape and 
structure of cells. 

In the next period the animal works, and becomes self-supporting; 
feeding and consequent growth are its chief characteristics; but 
towards its close, preparation is made for the adult stage by the 
appearance of limbs and of lungs — ^again first as mere rudiments, 

M.S.X. — 
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Fig. 12. a longitudinal vertical and a transverse section through a late embryo 
of a frog. The mouth has not yet perforated; the liver is still a simple tube; 
the cells from which the heart will be formed are still scattered. Posteriorly 
the nerve-tube, notochord and hind-gut are still comiected. The coelom has 
appeared as a split in the mesoderm, the upper portions of which are enlarged 
to form the somites (future muscle segments). The rudiment of the pituitary 
is being formed from the roof of the future mouth, an, anus; ec, ectoderm; 
mi, gut; /Jr, fore-brain; h.br, hind-brain; hy, endoderm; U, liver; mes, meso- 
derm; mes.som, somite; nc, remains of communication between nerve-tube 
and gut; nch, notochord; nt, nerve-tube; pit, ingrowth of ectoderm to form 
pituitary; $mp, spp, outer and inner walls of coelom; sp.c, spinal-cord portion 
of nerve-tube; yk, yolk mass. 
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later as organs capable of working. Tliis is the larval period, a larva 
being a stage in an anittiaFs history when it is self-supporting (and 
therefore no longer an embryo) but radically different in structure 
and mode of Hfe from the adult* {see Plate 13 (i) and Fig. 79). 

The sixth stage, or period of metamorphosis, is a violent transition 
from larva to adult, from water to land. If we could not actually 
follow the transformation, it would be impossible to guess that a 
young frog and a tadpole were stages in one and the same animal’s 
life. The limbs grow rapidly, the shape of head and 'trunk and the 
colour of the skin become altered, and there are internal alterations, 
such as a shortening of the intestine in view of the change from vege- 
table to animal diet, the remodelling of the skull, and the replacement 
of much cartilage by bone. But the most remarkable changes are 
those affecting the tail and gills. These do not drop off, as is stiU 
believed by some unobservant people; they are absorbed. They have 
been built up; now they are unbuilt. Their tissues lose their differen- 
tiation, degenerate, and are used as food material. Thus the develop- 
ment of an organ need not always be forwards; it may be reversed. 

After the change, another growth stage sets in, which we may call 
the juvenile period, when the animal is definitely a frog, but not yet 
grown up. After a time, however, growth slows down, and at about 
the same time sexual maturity begins. So the eighth of our periods, 
the adult period, starts. This is the longest of all the periods, and is 
best developed in the highest forms of life. It is in them a condition 
in which- neither growth nor breakdown has the upper hand, a 
period of balanced activity, which has been compared to the apparent 
rest of a “sleeping” top. Frogs, like mammals and birds, have a 
well-marked adult period in which growth is absent. Many lower 
animals, however, such as most crabs and shell-fish, go on growing 
throughout Hfe, and in them sexual maturity, not cessation of growth, 
is the only criterion of the adult phase. 

Finally, however, the ninth period sets in — old age. The meta- 
bolism grows feebler, the organs no longer work so well, and even if 
a violent end does not terminate the animal’s existence, as is almost 
always the case in nature, its life eventually comes to death as an 


* When the animal at a corresponding stage is retained within the egg or the mother’s body, 
it is called an embryo or foetus. {See Plates 10 (6), 11.) 



ANIMAL BIOLOGY 


150 

inevitable close. Such a death is unavoidable and normal; we may 
call it natural death — a real wearing-out of the tissues and a consequent 
collapse of the organism like the collapse of the hundred-year-old 
“one-hoss shay” in the poem. 

The development of an animal like the frog, then, consists partly 
of growth; partly of differentiation or increase of complexity ; thirdly, 
of metamorphosis from one form to another; fourtlily, of the attain- 
ment of a relatively stable, balanced state, in which growth and 
differentiation are almost absent; and lastly, of the loss of this stabihty, 
the wearing-out of the machine — old age, and death. 

Now having traced the development of a grown-up frog from a 
single fertilized egg, we can return to our question as to the origin 
of this fertihzed egg. If we look at the ovaries or reproductive organs 
of a female frog in early spring, we shall find in them, and actually 
produced by them, a great number — one to two thousand — of eggs 
apparently similar to fertilized eggs; a httle later in the season, these 
win be found loose in the swollen lower part of die oviducts, each 
surrounded with a thin layer of jelly. But if we take these eggs and 
put them in water, they will not develop. For them to start develop- 
ment, fertilization is normally necessary; and by fertilization we mean 
union of the egg with a reproductive cell of the male. In all animals, 
the eggs are cells detached from these special organs of the body, the 
ovaries (Plate 6 (i) ). 

The reproductive organs of the male are the testes, small whitish 
bodies consisting mainly of a number of microscopic tubes. The cells 
forming the walls of these tubes divide, and some of the fresh cells 
thus produced change their shape in a remarkable way; the nucleus 
becomes long and dense, and the rest of the cell becomes transformed 
into a sharp point at one end and a swimming tail at the other. They 
are now ripe, and are called spermatozoa or sperms. These arc shed 
into the hollow of die tubes, pass down canals into and through the 
kidney, and down the ureter, to be stored in a pouch on its side. A 
drop of the contents of tliis taken in early April and mixed with water 
wfil show thousands of sperms in active movement; a male frog 
produces billions in a season (Plate 6 (ii) and Fig. 13). 

When the female lays her eggs, the male sheds his sperm over them. 
The sperms are attracted by the eggs, and start burrowing into them. 
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Fig. 13. Four stages in the differentiation of spermatozoa, from the earth- 
worm. Above, a group of spermatids, produced at the close of the maturation 
divisions. Each has a nucleus and a centrosome. Centre, a similar group 
showing the first stages in the elongation of the spermatids, their outgrowth, 
and the elongation and condensation of their nuclei. Below, left, three nearly 
mature sperms. The outgrowth has become converted into the “tad'* 
(flagellum). There is still a layer of cytoplasm over the nucleus. Below, right, 
a mature sperm. The tail is fmther elongated, and takes origin in a “middle 
piece,” containing the centrosome. Then comes the “head,” consisting of 
the much-elongated nucleus, surrounded with a mere film of cytoplasm and 
tipped with an organ which facilitates the sperm's entry into the egg. 
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Once one has succeeded in forcing its nucleus inside, a change takes 
place over the egg’s surface wloich prevents any further spermatozoa 
from entering. The sperm nucleus then swells up, and becomes very 
like the nucleus of the egg. The two nuclei meet, and actually unite 



B 

Fig. 14. Human unfertilized egg (oocyte) and sperms, on 
the same scale. The egg is seen surrounded by its membrane 
(Mmb.), and this again by protective and nutritive follicle 
cells (FC). It contains a large nucleus (N), which has not 
yet undergone reduction, and some yolk grains (T). The 
nucleus contains a nucleolus. Below, at B, are two sperms, 
the lower one in profile. The “head’* contains all the 
nuclear material, condensed. The ovum is about 200/x 
(0*2 mm.) in diameter. 

to form one. This completes the act of fertilization; and only after 
this does development begin (Figs. 14, 16), 

Sexual reproduction in the frog then consists in this: that union of 
two cells, or at least of the nuclei of two ccUs, takes place, that the 
cells at the moment of union are detached and independent, but 
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previously formed part of the bodies of other individuals of the 
species; and that the ceil formed by their union develops into a new 
individual. 

It has been foimd possible with the eggs of frogs, worms, sea- 
urchins, and other animals, to make the egg start its development by 
artificial means (by chemical treatment in sea-urchins; by heat in 
starfish; by pricking the egg with a fine needle dipped in blood, in 
frogs), without any sperm being present, so producing fatherless 
animals. Some of these have been raised to maturity, and appear 
normal. Thus fertilization consists of two separate and separable 
processes — activation, or the starting-off of the egg on development, 
and the union of the nuclei of male and female reproductive cells. 

The two cells which thus unite are called gametes or “marrying 
cells”; and the product of their union is called a zygote — something 
formed by the “yoking together” of two gametes. Usually the 
gametes are, as in the frog, of two markedly different kinds, the female 
gamete large and yolk laden, the male gamete tiny and active. This 
difference between the two gametes, however, is not universal. In 
many low forms of life, both plant and animal, the two are alike; 
and in some, as in the single-celled animal Paramecium, only nuclei 
and not whole cells fuse with each other. Thus the essential fact in 
sexual fusion is the union of the two nuclei. The difference between 
the two gametes is only secondary; the size and yolk contents of the 
egg serve to give the developing embryo a good start in life after 
fertilization; and the shape and activity of the sperm ensure that the 
two gametes shall meet. 

The race of frogs, then, can be thought of as consisting of a number 
of continuous streams of living substance. The streams flow for the 
most part in the form of zygotes, starting as fertilized eggs and 
developing into mature frogs; but for some of the time they subdivide 
to flow in the form of gametes, and then such of these streams as do 
not die out, unite in pairs to become zygotes once more. Or, to put 
it in another way, the species Rana temporaria, or any other kind of 
higher animal, such as the human species, comprises not two but four 
kinds of individuals — male and female zygotes, and male and female 
gametes. The zygotes are large and long-lived, the gametes small, 
short-lived, but far more numerous- 
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To understand fully what this implies, we must again turn back. 
We have said that cells divide, but have not described the process. 
As a matter of fact, it is a very remarkable one. When a cell is ready 
to divide, the wall of the nucleus breaks down, and its contents 
change from their chiefly fluid state into a number of more solid 
rod- or strap-shaped bodies, which, because they become coloured 
by many dyes, are called chromosomes. Meanwhile, a star-shaped 
figure of radiating fibres is seen in the cell. This divides into two, 
forming a spindle-shaped set of fibres with a radiating '‘star’’ at each 
end, and the chromosomes arrange themselves where the fibres from 
the two stars meet, in the centre of the spindle. The chromosomes 
next split right down their length, and the halves travel away from 
each other, one to one pole, the other to the other. Finally, the body 
of the cell divides, the set of chromosomes at either pole swells up to 
form a nucleus again, and there are two cells, each with its nucleus, 
in place of one (Plates 8, 9, and Fig. 16). 

This process of nuclear division (called mitosis, on account of the 
thread-like chromosomes, from the Greek ju-tVos*, thread) ensures 
that each chromosome is divided exactly along its length. As we shall 
see, the units which determine the hereditary characters of an animal 
probably lie along the chromosomes, so that as a result of mitosis a 
complete set of halved units is distributed to both of the two cells 
arising at any division; and these halved units, since they are aHve, 
soon all grow up to their original size again. 

The number of chromosomes is always the same for a given race 
of animals or plants; not only this, but often the individual chromo- 
somes can be distinguished from each other by differences of size and 
shape; and when tliis is so, they can be arranged in a series of pairs, 
so diat the total number is always even.* In man, for instance, die 
total is 48; in the fruit-fly, Drosophila mclanogaster, it is 8; in the 
Mexican salamander, 28; in Ascaris, 4 (Plates 8, 9), and so on. 

At one of the cell divisions just before the formation of gametes, 
however, the process is quite different. Instead of the chromosomes 
dividing, the members of a pair come to lie side by side; and at division 
one whole chromosome of a pair is separated from the odier. This 
process is called the reduction of the chromosomes, for owing to it, 

* With certain exceptions connected with sax. 
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each of the two cells produced at this division possesses only half the 
ordinary number of chromosomes for the species (Fig. 15). 

Accordingly, gametes have half the number of chromosomes found 
in zygotes; and the reason the chromosomes of the zygotes exist in 
pairs is that one member of the pair has come from the father and 
one from the mother. Thus, the ordinary liigher animal or plant has 
two complete sets of chromosomes, like two packs of cards. This is 
of great importance in the study of heredity, or, in other words, of 
the way in which characteristics are handed on from one generation 
to the next. 

A frog gives rise to new frogs, not to toads or lizards; within a 
single species, such as man, many characters “run in families” — 
physical characters like black hair, or mental characters like musical 
talent; and it is a common observation that children inlierit traits 
from their parents and from remoter ancestors. The facts of heredity 
arc often obvious enough. But what is the machinery by which they 
are brought about? How is it that the tiny, simple4ooking egg has 
the power of developing into the complicated adult, and an adult just 
of one particular kind? How is it possible that of two eggs, which 
would be practically indistinguishable under die microscope, one is 
predestined to produce a red-haired tall boy, the other a dark-haired 
medium-sized girl? 

There is a great deal of evidence to support the idea that inheritance 
— the transmission of qualities or characters from one generation to 
the next — depends upon the actual transmission of small units of 
living substance in the gametes. These units are called the factors of 
heredity, or sometimes still more shortly thc^^enej?; and there is further 
evidence that these factors are contained in the chromosomes. 

Certain results flow from this — results, for instance, concerning the 
numerical proportions of different types to be expected on crossing 
different strains; and, indeed, all the subject matter of the com- 
paratively new science called Mendelism, after the Austrian Abbot 
Mendel, who first discovered and interpreted the essential facts. Here 
wc are concerned only with some of die more general aspects of the 
question. 

A sexually reproducing animal or plant grows up from a fertilized 
egg into its adult condition. The fact that it grows up in its own 
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particular way, that a newt’s egg will produce a newt and a frog’s 
egg a frog, although they are scarcely distinguishable and although 
they grow up in the same pond, must depend on the eggs containing 
something — ^let us call it the hereditary constitution — which deter- 
mines the way each shall grow up. 

Mendel discovered two important laws concerning the way in 
which the hereditary constitution of an animal (or plant) is related 



Fig. 16. Diagram of fertilization, continuing Fig. 15. a, the sperm has pene- 
trated the ovum, b, the sperm nucleus is swelling up, the chromosomes are 
appearing in both nuclei (purely diagrammatic) of the haploid number (n=3) 
in either. The beginning of the spindle is being produced by the sperm, c, 
fusion of nuclei of sperm and ovum. D, the spindle is fully formed, and all 
six {2n) chromosomes are arranged on its equator, e, all the chromosomes 
have spHt longitudinally, f, the fertilized egg (scygote) has divided into two 
cells, each with the diploid (2«) number of chromosomes, one set of three {n) 
derived from the father in the sperm, the other three from the mother m the egg. 

to that of its parents. The first is usually called the law of segregation. 
This implies that the hereditary constitution is composed of a number 
of self-reproducing units, presumably of a chemical nature, the factors 
ox genes mentioned above. Normally, there are two of each kind of 
unit in the body; but before gamete formation, the two members of 
such a pair segregate, or separate from each other, so that each gamete 
has one member only of each kind of unit. The second law is that of 
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independent recombination of units. It sums up the fact, elicited by 
breeding tests, that the segregation of members of different kinds of 
units is usually quite independent. 

It is easy to see that this is exactly what would be expected if the 
units were contained witliin the chromosomes; and, as a matter of 
fact, this has now been proved to be the case. The adult organism, 
whether human being, fly, rabbit or pea plant, has two complete 
sets of chromosomes. The two members of a pair separate from each 
other at reduction, so that each gamete receives one complete set; 
recent observations have further shown that the way in which one 
chromosome pair separates at reduction is quite independent of other 
pairs. Thus, the single set of chromosomes in one gamete need not all 
have come in from the father, or aU from the mother; there must 
merely be one of each kind of chromosome present. If we compare 
the chromosomes to cards, fertilization is like the mixing-up of two 
packs of cards with different coloured backs. Reduction ensures that 
this double pack shall be sorted out into two single packs again, but 
pays no attention to the colours of the cards’ backs. Each sorted-out 
pack will be complete in having one card of each kind, but any of the 
cards may have either a red or a blue back. Thus it will be most 
unlikely that, as regards the precise combination of red and blue 
backs, any of the sorted-out packs will be identical with any other, 
since the number of possible combinations is so enormous. 

Each chromosome appears to contain a large number of units, and 
the segregation of two units will only be quite independent when they 
lie in different chromosomes. When they are both in the same 
chromosome they tend to stick together more often than they 
separate.* 

The units are the really important things in the hereditary consti- 
tution, and the chromosomes appear to be merely convenient lengths, 
so to speak, into which the here^tary constitution is cut up. Accord- 
ingly, the cards in our simile should really be taken to represent die 
separate units, and not the compound units we call chromosomes, 
which would really be more like suits. If we do this, however, we 

* This tendency to remain together is called linkage of factors. It is usually not complete-— 
ie., two factors in the same chromosome can be separated froni each other (by a mechanism 
into which we need not enter here), although they are not so independent as two factors in separate 
kinds of chromosomes. 
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must add one more point to make our analogy complete. We must 
suppose that any particular card need not always have precisely the 
same value, but that you could have one ten of hearts, say, that was 
a little above par, and another a Httle below par. In terms of factors, 
this would mean that although a given kind of factor always exerted 
the same general kind of effect in development, yet it might exist 
under different forms, with slight differences in effect. For instance, 
we know that one factor concerned with colour production in rabbits 
may exist in at least four forms, one producing no pigment at all, as 
in albinos; the next allowing colour to appear in the ears and muzzle 
and other extremities, as in the Himalayan breed; the next giving the 
chinchilla coat; and the last allowing fuU development of pigment. 
The different forms of one factor are called allelomorphs. 

So far we have dealt with the generahties of Mendelian theory. 
They will become much clearer if we look at a couple of examples. 
If a certain breed of black fowl is crossed with another strain which is 
white with a few black markings, the offspring wiU all be unlike 
either parent, of a type known as the Blue Andalusian, which is a 
bluish or diluted black colour, with white “lacing” on the feathers.* 
Poultry fanciers have long tried to get a pure breed of these Andalu- 
sians by mating them with each other, but always without success 
— the birds “threw” blacks and whites as well as producing more 
blues. 

When the subject came to be accurately worked out it was found 
that when Andalusians are mated with each other, on an average 
25 per cent of their offspring are blacks, 25 per cent whites, and 50 per 
cent Andalusian again. Not only this, but the blacks bred true when 
crossed with each other, and so did the whites, but the Andalusians 
always gave the same proportions of blacks, whites, and Andalusians 
once more (Plate 7 (i)). 

These results are at once cleared up if we suppose that the black 
fowls carry factors which make their chickens grow up black, the 
white fowls factors which make theirs grow up white. 

When a black cock is crossed with a white hen, all his gametes (the 
sperms) contain one factor for black, all hers (the unfertilized eggs) 

* Only certain definite breeds ot blacks and whites give this result, not any black crossed with 
any white. 
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one factor for white. The offspring will have one of either factor; 
and their interaction will bring about the so-called blue colour. 
Exactly the same result will happen if a white cock is crossed with a 
black hen. 

When a blue cock and hen are bred together, the gametes, whether 



Fig. 17. Diagram to show how the Mendelian conception ofhcreditary 
units (factors, genes) explains the foregoing results. The organisms 
are represented as large circles, the genes as small circles within them. 

In the gametes, only the genes are represented. Unshaded represents 
splashed-wliite; black represents the gene for black, and close dotting 
visible black; sparse dotting represents visible blue. 

male or female, will contain either a factor for black, or a factor for 
white, but not both. Let us call the factor for black B, and that for 
white b. A B-bearing female gamete may be fertilized equally well 
by a B-bearing or a ^-bearing gamete; and similarly for a i-bearing 
female gamete. Thus, four possible combinations of gametes (as 
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regards B and b) may occur at fertilization, and, on the theory of 
chances, will occur on the average equally often; 

(1) B-bearing by jB-bearing. (3) ^-bearing by jB-bearing. 

(2) ^-bearing by i-bearing. (4) ^-bearing by J-bearing. 

(1) will give a chick with two black factors, therefore black; (2) and 

(3) will give Andalusian chicks once more; (4) will give white chicks. 
Not only this, but out of every hundred chicks on the average one- 
quarter will be black, one-half Andalusian, and the last quarter white. 
This is made clearer by the diagram (Fig. 17). 

According to MendeFs second law, factors for different characters 
are inherited independendy of each other. For instance, to take fowls 
once more, the ordinary type of comb, called single, depends on one 
form of a particular factor; that called rose, which is low and long, 
upon another. When a cross is made between birds with these two 
sorts of comb, the hybrid is indistinguishable in appearance from the 
pure “rose” stock. This introduces us to the fact that one form of a 
factor may mask another, and be what is called dominant to it. But 
the factor for single-comb is still present in the hybrids, as is shown 
by breeding tests. For whereas the original pure-bred rose-comb stock 
gives nothing but rose-combs, the hybrids crossed with each other 
give 25 per cent pure-breeding singles, 25 per cent pure-breeding 
rose-combs, and 50 per cent hybrid rose-comb birds that again do 
not breed true. That is to say, the difference between single- and rose- 
comb depends upon a difference between two forms of the same 
hereditary factor. 

Now, if we cross a black bird with a single-comb and a white 
bird with a rose-comb, all the offspring will clearly be Blue Andalusian 
in colour, with rose-combs. But we might expect either of two things 
to happen in the second generation. Either the factors for black and 
single will stick together when the first generation forms its gametes; 
and then the only pure-breeding types we shall get will be black 
single-combs and white rose-combs again, like the grandparents. Or 
else the factors can separate; if so, then we shall get gametes containing 
the factor for white with that for single-comb, and those containing 
factors for black and for rose-comb, as well as the other two types. 
In this case, in addition to types which will not breed true, we should 
get four pure-breeding types in the second generation — ^not only 
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blacks with single-combs and whites with rose-combs like the grand- 
parents, but also two new types, blacks with rose-combs and whites 
with single-combs. And this is what actually happens. This again is 
most simply shown in a diagram. Let us call s the factor for single- 
comb, S the other form of the factor, responsible for rose-comb. 
Then the results are as follows: — 

parents BB.ss X bb.SS 

(black, single) (white, rose . 

parents’ gametes B.s X hS 

1st generation Bh.Ss (Andalusian rose, but not breeding 

true), 


1st generations’ gametes 

<? 




Cb.s 

B.S ^ 



1 B.S 

B.S 

in equal propor- 

< 

1 b.s 

b.s 1 

tions. 


lh.s 

b.s J 



Each type of gamete has an equal chance of fertilizing any other type 
of gamete, so that we shall get in the second generation the following 
pure-breeding types: — 

BB,SS (black, rose-comb); 

BB,ss (black, single-comb); 
bb.SS (white, rose-comb); 
bb.SS (white, single-comb); 

as well as many other types such as Bh.Ss, Bb.SS, or BB.Ss, which 
will not breed true. 

The fact of the independent segregation of different pairs of factors 
is of the greatest practical as well as theoretical importance, for it 
enables us to take to pieces the hereditary constitution, so to speak, 
and put it together again in new ways. More definitely, it enables us 
to take one particular Mendelian character which happens to be 
desirable in an odierwise undesirable strain or breed, and to combine 
it widi other desirable characters in anodier breed. This has akeady 
been done with great success in wheat in die experimental plant- 
breeding station at Cambridge. 

A great deal of Mendelian work has been done with the tiny 
fruit-ly Drosophila, of which over ten million have been bred by 
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Fig. 18. To illustrate MendeFs second law, by means of a cross between two 
strains of the fruit-fly Drosophila melanogaster, one pure for the recessive gene u, 
determining vestigial wings, the other pure for another recessive gene, e, 
determining ebony body colour. The corresponding genes for the dominant 
wild-type characters are styled V and E respectively. The two genes are lodged 
in different chromosomes. The chromosomes, together with their contained 
genes, are represented diagrammatically. The contain both V and E, and 
therefore show a reversion to wild-type. In the formation of the gametes of 
segregation of V-v and E-e takes place independently. Thus four kinds of 
gametes are produced, FE, Fe, vE and ve. These, uniting at random, give, 
out of every sixteen individuals in Eg* ^ wild-type, three long-winged ebony, 
three vestigial grey, and one vestigial ebony: one of each type will breed 
true. The vestigial ebony is a new combination. Either character taken 
separately shows a 3 : 1 ratio. 
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Morgan in America in pedigreed cultures. An example of indepen- 
dent assortment in Drosophila is given in Fig. 18. 

Not all factor differences produce such big or such clear-cut 
differences in appearance as we have been considering. Sometimes 
the effects are very small, or the effect of one factor interacts with 
that of another, and the analysis becomes correspondingly more 
difhcult. But the principles discovered by Mendel remain the same — 
the hereditary constitution consists of separate units, and these 
segregate at reduction. This discovery is on the biological plane 
somewhat comparable to the discovery of the atomic structure of 
matter. 

One point concerning human heredity deserves mention. People 
arc often puzzled at the great diversity of physique and temperament 
and ability between members of the same family, although born of 
the same parents and brought up in the same home. This, however, 
was only difficult to understand before we had Mendel’s principles 
to guide us. For such diversity is exactly what is to be prophesied if 
there is independent segregation of self-perpetuating factors. It is 
extremely unHkely that two human gametes, even from the same 
parents, will receive an identical outfit of factors at reduction; and 
even if the mother were to acliieve the improbable result of producing 
two identically constituted ova, and the father two sperms whose 
constitutions were ahke, there would again be enormous odds (many 
millions to one) against the two similar sperms, among their huge 
crowd of competitors, happening to fertilize the two similar eggs. 
On the other hand, if a fertiHzed ovum were to divide into two, and 
each part developed into a whole organism {see pp. 246-7), we should 
expect both to be very similar, since both would possess the same 
hereditary chromosome outfit. This apparently is what happens in 
the production of so-called ‘'identical” twins, which as we know are 
often so alike as to be indistinguishable (Plate 7 (ii)). 

Another difficulty often raised is the fact that genius usually is not 
inherited. Again, however, this is to be expected on Mendelian 
principles. If, as is probable, genius is the result of a very unusual 
hereditary combination of factors, then at the formation of gametes 
this combination will be inevitably taken to pieces again. It should 
not be forgotten, however, tliat when we take the averages of large 
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numbers these irregularities become smoothed out, and we find a 
strong average resemblance, due to heredity, between parent and 
offspring, or between brothers and sisters. The science of biometry 
deals with studies of this sort, and is very important when we are 
dealing with heredity in human beings, as in them, of course, experi- 
mental breeding is impossible, and the collection and handling of 
statistics is often the best method available. 

It appears, then, that the hereditary factors not only are contained 
in the chromosomes, but that each one is always situated in a particular 
chromosome, and in a particular spot in that chromosome. Thus, 
each chromosome is different from every other, and each contains a 
great number of these factors arranged along it in a definite order, 
each factor always keeping between the same two neighbour factors. 
Further, it appears that by far the greater part of the factors that 
determine inheritance from one generation to the next is situated 
in this way in the chromosomes. Thus, the chromosomes are, or at 
least contain, the hereditary constitution of the animal or plant, and 
all the chromosomes taken together, from this point of view, consti- 
tute one great unit, composed of a very large number of smaller units 
— the factors — ^which are arranged within the large unit in definite 
positions, and in definite proportions. 

The whole is like a gigantic single organic chemical compound, 
since the molecules of such a chemical compoimd are all made up of 
smaller parts — the side-chains and radicals and single atoms. Here, 
however, each of the constituent units is alive, and must have the 
power of self-reproduction; thus, the linking of the units together 
in a definite way ensures the constancy of the whole. If there had been 
an excess multiplication of one of the factors during the resting period 
of a cell, even so, when the cell came to divide and the chromosomes 
to form, only the same relative amount of the factor could become 
linked up with the other factors of its chromosome. So the chromo- 
somes are not only a self-multiplying but also a self-regulating piece 
of machinery. 

In ordinary inheritance, then, we have the handing down from 
parent to offspring of chromosome outfits, or, in other words, of sets 
of hereditary factors; and it is on these that the constancy of a species 
depends. They decide that a fowFs egg shall become a fowl, and a 
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duck’s egg a duck, even diougli they are hatched in the same incu- 
bator. They, reacting with the environment, determine what the 
adult organism shall be. 

Apparently, however, slight changes sometimes occur in the fac- 
tors, usually in a single one at one time: these changes are called 
mutations. Whereas an animal may normally have red eyes or a grey 
body-colour, mutations may arise which cause it, even though 
brought up in the same conditions, to have pink eyes or a black body- 
colour. (These particular mutations have actually been found in the 
litde fly Drosophila.) When mutations occur, they are inherited in 
Mendehan fashion; the separation of pairs of chromosomes at 
reduction, and the subsequent meeting of various sets at random in 
fertihzation, shuffles and recombines in every possible way any 
mutations that do occur. 

Thus, while the chromosomes in general act as a regulator of the 
constancy of the race, the occurrence of mutations and their subse- 
quent combination in new ways by sexual reproduction provide the 
possibility of change. The idea of separate factors is important, for it 
means that when we are deahng with an animars hereditary consti- 
tution we have not got to take it as an undivided whole, but as 
something which can be analysed into separate units, just as a chemical 
substance can be analysed into different elements in deJ&nite propor- 
tions and arrangement. 

With this in mind we can turn to another question. We have 
discovered in outline how individuals are connected with and related 
to other individuals of the same species; now we must ask whether 
whole species are not perhaps connected with or related to other 
whole species. 

There is always a struggle for existence going on in nature. From 
each pair of frogs that breeds, over a thousand fertilized eggs are 
produced every season; and yet the number of frogs does not 
increase from year to year. There is, in fact, in every organism an 
over-production of young, and consequently competition. Since 
this takes place in all species, there is what we may metaphorically 
call a pressure of life; the demands upon space and subsistence are 
greater than the supply, and in every generation only a few of die 
young produced can reach maturity. 
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There is further the fact of the hereditary transmission of characters, 
and the origin of new characters by mutation and recombination. 
In other words, organisms are continually varying, and some at 
least of the new variations can be inherited. ' 

As an inevitable consequence, if a new inheritable variation appears 
which is of any advantage whatever in the struggle, it will help its 
possessor to survive, and so will on the average be transmitted to later 
generations more often than other variations which are useless or in 
any way harmful. The new variation may be directly useful in com- 
petition with the other members of the species, as for instance if it 
made its possessor more easily able to secure its prey; or it may 
remove its possessor from competition with the others of the same 
species by fitting it to another set of conditions. In any case, the 
struggle or pressure of life on the one hand, and on the other the fact 
that variation does occur and can be transmitted, will lead to what 
Darwin called Natural Selection — the survival of types possessing 
useful variations, in preference to any other types. 

This will explain the fact that animals are adapted to their surround- 
ings, since the unadapted or less weU adapted could not survive; it 
will also explain the fact that when we find a number of species of 
animals all possessing the same general plan of structure, the different 
species are generally adapted to Hve in different conditions, since any 
variation enabling its possessor to live in new conditions will remove 
it from competition with the other members of the species. For 
mstance, the general plan of aU frogs and toads is very similar; but 
some live near water, others in drier places, some altogether in water, 
others on trees, and so on. 

The only explanation, in fact, of the resemblance in structure 
between different frogs and toads is that they are all in very truth 
related, descended through millions of generations from a common 
original ancestor; and the explanation of their differences is that they 
are due to variation and natural selection, the random raw material 
of the former being sifted by the latter. 

The backbone of the evolution theory is that all species have 
descended from other pre-existing species, and the backbone of the 
generally current explanation of evolution is that adaptation is due 
to variation (mutation) acted upon by natural selection. 
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Now frogs and toads resemble newts and salamanders in many 
points of their organization; for instance, in their moist, scaleless 
skin, in the structure of their heart, and in their development through 
a tadpole stage; and accordingly, they are all classed together as 
amphibians. Snakes, lizards, tortoises, and crocodiles, on the other 
hand, have scales, their heart is a trifle more complicated, and they all 
develop inside a large-yolked egg with special protecting membranes 
round them; and they arc accordingly all classed as reptiles. 

When we classify a number of animals together in this way, we 
are not merely pigeon-holing them for convenience; we pigeon-hole 
them in this one particular fashion because we believe them all to be 
descended from a common original ancestor. The classification aimed 
at by zoology is a natural classification, aiming at a grouping of 
animals according to their blood relationships. Thus, we believe that 
all frogs, toads, newts and salamanders are descended from a common 
ancestral form with an amphibian organization; and all snakes, 
lizards and other reptiles from a common ancestor with a reptilian 
organization. 

But the organization of amphibia has many points in common 
with reptiles, as also with fish, and with birds and with mammals, 
including, as we previously pointed out, man himself. All of these 
animals possess gill-slits and a notochord at some stage of their deve- 
lopment, a backbone, red blood, a nervous-system lying along the 
back, and so forth; they are therefore all classed as vertebrates (or 
chordates, with reference to the notochord), and tliere is no escape 
from the conclusion that, in the course of an exceedingly long space 
of time, to be reckoned in tens or perhaps hundreds of millions of 
years, they have all descended from an original common ancestor. 

Belief in the occurrence of evolution, quite apart from any theory 
of how it has happened, is forced upon us by numerous sets of facts, 
which remain quite unexplained on any other supposition. In the 
first place, as already mentioned, there is the fact that animals can be 
arranged in groups (such as the vertebrate group), each group with 
a single general plan of organization; and that within each group 
there are sub-groups with their own special modification of the 
general plan (e.g., birds or the amphibians within the vertebrates). 

Secondly, we have the fact that animals during development often 
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Fig. 19. Homology and convergence. In members of the three classes reptiles, 
mammals and birds, efficient flying organs have independently evolved 
(convergence). The fore-limb is always utilized as the main part of the wing, 
and its general plan is retained throughout (homology). But the details are 
different in each case. The main support (apart from the upper and lower 
arm bones) is, in the pterodactyl, the fifth or “little*" finger; in the bat, the 
second to fifth fingers; in the bird, the quills of the feathers. Accordingly, 
only in the bird is the hind-limb not required as part of the support of the 
wing, and is left free for other functions. 
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pass through stages in which they resemble other and usually simpler 
animals of the same group. *** The frog in the tadpole stage has gills, 
and even the embryos of fowls and men possess gill-slits. Both frog 
and man, although tailless when adult, possess tails when young 
(Plate 11). All this is very difficult, if not impossible, to explain unless 
we suppose that our remote ancestors, and those of birds and frogs 
as well, lived in water and possessed giU-slits and gills (Fig. 12 and 
Plate 10). 

Thirdly, we have the existence of vestiges. Vestigial, or as they are 
often incorrectly called, rudimentary organs, are organs which are 
of little or no use to their possessor, although in related forms they 
are larger and obviously have a function. In man, for example, the 
appendix, the hairs on the body, the fold of skin at the inner comer of 
the eye, and the skeleton of the tail are wholly or partly vestigial. 
They exist today chieflybecause our ancestors possessed them in more 
developed form. The fold of skin in the inner comer of our eyes, for 
instance, is the remains of the large movable third eyelid of many 
lower animals. In whales the whole hind-limb has become vestigial 
(Fig. 91). If you look at the hairs on the outer side of your arms, you 
will find that on the upper arm they point obHquely downwards, on 
the fore-arm obliquely upwards — all of them, in fact, towards the 
elbow. That is no good to you. But it appears that some of the apes 
have the habit of keeping their bodies dry in the rain by clasping 
their hands in front of their neck. The rain runs down the hairs 
towards the elbows; these are a little out from the sides, and the long 
hairs stick out from them to form a kind of spout, from whose end 
the rain pours off right away from the body. 

Fourthly, we have the fact that in species of the same group which 
are adapted to different methods of life, the same plan recurs in organs 

* This is called the Law of Recapitulation. It is often stated in the. form given to it by Haeckel, 
that every aniujal in the course of its individual development tends to recapitulate the history of 
the race. But the discoverer of the law — ^von Baer—only stated that the early stages of related 
animals resemble each other more than the adults. And careful analysis shows that the ancestral 
stages do not represent the adult stages of bygone ancestors, but stages in their development, 
A man passes through a stage with gill-slits because the embryo of some remote ancestor of man 
had gill-slits, not directly because the adult ancestor had them. In some cases the characters 
recapitulated are obviously those of a larva and could not have been those of an adult — those, 
for instance, of the three-segmented nauplius of Crustacea (Fig. 1). Usually, however, the embry- 
onic ancestral characters arc similar to the adult ancestral characters, as with the recapitulation 
of giU-slits or notochord, because the ancestral form possessed the character in question from the 
earUest stages of its development onwards, jis in a fish today gill-slits appear in the stage of 
pnmary difierentiation and persist throughout life. 
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adapted to the most different uses. For instance, in the skeleton of the 
fore4imb in all land animals, although bones may fuse together in 
some, or altogether disappear in others, the same general plan recurs 
throughout. This one plan can be seen in the supporting Hmb of a 
frog, the paddle-like fore-limb ofa whale, the running limb of a horse, 
the flying limbs of birds and bats, the arm of man. Great difference in 
detail of adaptation, together with great similarity in general plan — 
it is difficult to account for this except by common ancestry and a 
common plan gradually modified in the course of evolution (Fig. 19 
and Plate 1 (i)). 

Finally, and most conclusively, the fossil remains of animals from 
earlier periods of the earth’s history often show us actual inter- 
mediate stages in evolution. For example, the horse has in its fore 
foot but one finger which it uses, together with two tiny vestigial 
fingers, the splint bones. If we accept the idea of evolution, we must 
suppose that these vestigial fingers were once used; and as a matter 
of fact, if we look at fossils from a certain period (the Miocene period 
of the Tertiary epoch), we find no true horses, but animals which, 
though very Hke horses in most ways, possess three well-formed toes 
on the foot (Fig. 57 and Plate 1 (ii)). 

Again, to take an illustration on a large scale as well as one on a 
small, if we go back steadily in the history of the earth, we come to a 
time when man did not exist, or at least no traces whatever of his 
existence are to be found preserved in the earth’s crust. Then, long 
previously, to one when all the mammals were small and primitive, 
and all the birds toothed; then, to a time when there were no mam- 
mals or birds at all, but great reptiles, many of types now unknown, 
were die dominant living things; before that, to a time without 
reptiles, when amphibia were the only land vertebrates; and before 
that again, to a world without land vertebrates at all, but still with 
fish in the sea; and finally, a stage is found in which there are no fish, 
but only marine invertebrates (Figs. 55, 82). 

The study of heredity showed us that each individual arose from 
actual portions of living substance which had once formed part of 
other individuals. The study of evolution shows that species arise 
from other species. Within a single species there are a number of 
parallel streams of living substance flowing through the generations; 
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but these parallel streams may diverge, and the original species 
branch into two. Since each species has evolved out of another species, 
and each individual grows from a detached part of another individual, 
the whole of life must be looked on as a single mass of living substance, 
flowing on in time, and divided in the course of its history into a 
number of separate courses of different size, the main groups, the 
smaller groups, and the species. The alterations in the branches of this 
mass of living substance we call evolution. 



CHAPTER THREE 


EXCHANGES OF MATTER AND ENERGY 

Although there are many features of animal and human 
Xilife which have not yet been, and perhaps never will be, explained 
in terms of physics and chemistry, still we can apply to animals, 
including man, certain great principles, such as the laws of the con- 
servation of mass and energy, without restriction. It will be necessary 
to give a brief proof of this statement, for if it were not true we could, 
for example, never be certain that a man was not obtaining energy 
from unknown sources, in which case physics would be of very little 
use to the biologist. 

If we put a man on a very sensitive balance it is impossible to obtain 
his weight quite accurately, because at every swing the scale contain- 
ing the man rises slightly higher. He is losing weight, that is to say 
losing matter, at every moment of his life. Obviously, some of this 
matter is water vapour. At the body temperature the breath is 
saturated with water vapour which condenses into drops on a cold 
surface or in cold air. Besides this there is a constant shght loss of 
water vapour from the skin even in the coldest weather, and in very 
hot weather a man may lose over a kilogram of sweat an hour. 
Besides water vapour we are always losing carbon dioxide in our 
breath, and a very httle from our skin. This may be easily shown by 
breathing out through a tube dipped into lime water (CaOgHg). The 
carbon dioxide of the breath combines with this to form a white 
precipitate of chalk (CaCOg). We can measure the production of 
CO 2 and HgO very accurately by putting a man, or better, an animal 
such as a dog or mouse, into an airtight box. Air is passed into this 
box through bottles containing strong sulphuric acid (to absorb 
water vapour) and caustic soda (to absorb carbon dioxide). On 
leaving the box, it passes through similar bottles, and by weighing 
them we can determine the animal's output of carbon dioxide and 
of water (Fig. 20). Nothing else in weighable quantity has been 
added to the expired air, but it has lost oxygen, as may be proved by 
taking a sample and making the oxygen in it combine with hydrogen 
or some other easily oxidizable body. 
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The man or animal has therefore gained some oxygen from the 
air and given up carbon dioxide and water to it. Besides these, in the 
course of a day he will eat, drink and excrete, and we can weigh his 
food, drink and excretions, and thus construct a balance sheet. The 
following represents a typical day^s balance sheet for a resting man 
weighing about ten stone. 


Gain, 

Loss. 

Food, 1*1 kilograms (of which 0*60 
kilogram is water). 

Drink, 1*5 kilograms of water. 
Oxygen, 0*7 kilogram, or 500 litres. 

Solids (mostly dissolved in urine), 
70 grams. 

Water excreted, 1*3 kilograms. 

Water evaporated, 1*1 kilograms. 
Carbon dioxide, 0*82 kilogram, or 
425 litres. 


This leaves liim with a gain of 10 grams for growth, and if he is 
weighed before and after the experiment he will be found to have 
gained 10 grams. It is clear from the above balance sheet that much 
the most important chemical change taking place in the man is the 
combination of the carbon and hydrogen of liis food with the 0*7 
kilogram of oxygen to form 0*3 kilogram of water and 0*82 kilogram 
of carbon dioxide. Now diis is exactly the same change which occurs 
if we bum the food, a fact discovered by Lavoisier in the eighteenth 
century. Hence, if we put our man or animal into a calorimeter for a 
day and measure his heat production, and dien burn in another 
calorimeter a quantity of food exacdy equal to the amount which he 
has eaten, we can make an energy balance sheet like the mass balance 
sheet produced above. Various allowances must be made, of which 
the most important are the following: Some of the solids excreted 
are not entirely oxidized, so we must bum them in a calorimeter and 
subtract the energy thus obtained from that of the food. Again, some 
energy has been wasted in evaporating watel: (T1 kilograms of water 
require 630 kilocalories’*' for their evaporation). We must also allow 
for die energy of any food which is stored up but not oxidized. If 
the man is in a calorimeter all his external work will be converted 
into heat by friction; for example, he may be made to ride a fixed 

* TLe kilocalorie oi 1,000 calories is the uuit of eaergy wfoich is most useful in. humau physiology. 
It is sometimes called the ^Uarge calorie.” 
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bicycle with a brake. We can now construct an energy balance sheet 
as follows for the resting man considered above: — 


Gain^ 

Loss. 

From food, 2,400 kilocalories. 

Less waste from unoxidized excreta, 
150 kilocalories. 

Net total gain, 2,250 kilocalories. 

Heat lost by conduction and convec- 
tion, 1,500 kilocalories. 

Latent heat of water evaporated, 
630 kilocalories. 

Heat used in warming food and drink 
to body temperature, 60 kilo- 
calories. 

Total loss, 2,190 kilocalories. 


This leaves liim with 60 kilocalories stored up (probably mostly as 
fat) for future use. It has been found by experiment that the more 
accurately all the measurements necessary are made, in an experiment 
of this kind, the more nearly do the gain and loss of energy balance, 
so long as the body neither gains nor loses matter. That is to say, the 
law of the conservation of energy holds for men and animals. They 
do not obtain energy from any mysterious sources, nor do they 
convert it into any forms which cannot be reconverted into heat. 
The energy arises from the recombination of oxygen with carbon 
and hydrogen, from which it has been separated by plants. The 
carbohydrates, fats and proteins formed by the plant are largely eaten 
by animals, which use them partly for growth and repair, but mainly 



Fig. 20. Method of determining the gaseous exchange of a small animal. 
N, A, B and D contain pumice soaked in strong sulphuric acid to absorb water 
vapour. X contains a mouse, M and b a mixture of soda and lime to absorb 
carbon dioxide. Air is sucked through by the pump (z) on the right, to which 
is attached a gauge (y). The mouse therefore gets air free from CO 2 and HgO. 
The HgO breathed out by it is caught in A and b, its CO 2 in c, and any HgO 
evaporated from c in D. Hence the increased weight of c and d gives the 
animaFs COg output, the increased weight of x. A, B, C and d together its 

O 2 consumption. 
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as a source of energy. A carnivorous animal obtains its energy 
second- or tliird-hand from the plant, but in the long run all ani:tS 
energy, just like the energy derived from coal, is stored sunlight. 

We can now consider the energy values of different foods, and'die 
energy requirements of different classes of people. Foods consist of 
water, salts, carbohydrates, fats and proteins. Energy can be 
obtained from the oxidation of the latter three. Proteins are not 
completely oxidized by animals, so we have to deduct the energy 
value of die unoxidized remnant from that of the original proteS. 
W^hen this deduction lias been made we find that the enero'y values 
are as follows: — ® 


1 gram carbohydrate = 4-1 kilocalories. 

1 gram fat = 9-3 

1 gram protein ==4*1 

That is to say, fat is more than twice as good a source of energy, 
weight for weight, as any other food. It must be remembered that 
while fatty foods such as butter and lard contain very little water, and 
bread, which is our greatest source of carbohydrate, contains only 
about 10 per cent; lean meat, though most of its solids are protein, 
contains 75 per cent of water. We obtain most of the energy we need 
from carbohydrates and fats. The proteins, though they also supply 
energy, are mainly required for the growth and repair of our 
bodies. 

The accompanying table shows the energy values per pound of a 
number of foods, and the number of calories that could be bought for 
a shilling when this table was compiled. 


Food, 

White Bread , 
Biscuits 
Oatmeal 
Sugar . 

Milk . 

Butter . 

Cheese (Cheddar) 
JLard . 

Beef (round, lean) 
Beef (rump, fat) . 


Kilocalories 

Kilocalories 

Protein 

per lb. 

per shilling. 

per cent. 

1,200 

5,760 

8 

1,900 

1,750 

10 

1,810 

5,430 

15 

1,815 

6.400 

0 

314 

1,260 

3*3 

3,490 

2,090 

1 

2,080 

2,500 

28 

4,090 

4,260 

0 

650 

650 

20 

1,360 

630 

13 



Food. 

Bacon . 

Herrings (fresh) 
Potatoes 
Cabbage 
Apples . 
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Kilocalories Kilocalories 
per lb. 

2,370 
360 
300 
120 
215 


per shillim. 
1,580 
720 
3,610 
1,450 
430 
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Protein 
per cent. 
9 
11 
1*8 
1‘4 
0-3 


The energy requirements of a man or animal vary, like those of a 
machine, accordmg to the amount of work he is doing, but, a 

sTdetS'e’air^f completely"’needs a 

siderable amount of energy, partly for internal movements such as 

tho^ of the heart, the gut, and the muscles concerned in breSig 
partly, m the case of warm-blooded animals, to maintain the bodt 
temperature. Above this minimum, additional energy is required 
according to the amount of work done. An individu J musck. say 
the biceps of the upper arm which bends the elbow, may have an 
effiaency as high as 40 per cent, that is to say it can turn L work 
nearly half the energy that it derives from food andoxygen, but if we 
consider the body as a whole the efficiency is a good deal less, since the 
eart has to work to supply the muscle with its blood, the lungs and 
gut to supply the blood with oxygen and food, and so on, in which 
process much potential energy is converted into heat by internal fric- 
tion. As a matter of fact, we find that the efficiency of the body as a 
whole IS never more than about 25 per cent. Even this, however is 
greater than the efficiency of any heat engine of the same weight. The 
advantage of mechanical over animal power is not that the rr,arh^r^.. 

IS more efficient, but that its fuel is cheaper, and that it does not waste 
energy wnile it is not working. 

If we t^e a man’s output of energy per minute when lying down 
^ 1, It will be about 1 -4 when he is standing, 4 when he is walking at 
toree miles an hour or doing moderate work with his arms, 10 during 
fairly hard work, 15 during the most violent exertion of which he is 

capable for anylengthoftime, and over 50during very violentwork 

such as a hundred-yard sprint. His intake of oxygen and output of 
carbon dioxide vary directly with the amount of energy set firee, and 
It he IS to keep up his weight he must eat enough food per day to sup- 
ply the energy which he is Hberating. The Mowing table shows the 
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energy requirements in kilocalories per day of difTerent workers each 
weighing about 65 kilograms (10 stone): — 


Profession. 

Energy needed in food. 

Clerk 

. 2,410 

Tailor ..... 

2,510 

Cobbler .... 

2,940 

Metal worker .... 

3,290 

House painter 

3,500 

Carpenter .... 

3,550 

Stonemason .... 

4,660 

Woodcutter .... 

5,400 

Cyclist (racing for 16 hours) . 

. 10,240 


The cycHst probably could not eat the required amount of food per 
day, and so had to use up his own fat as a source of energy. 

The energy output of a resting warm-blooded animal (mammal or 
bird) is proportional to its surface, not to its weight or volume. Thus 
if two dogs are of the same shape, but one twice as long, high and 
broad as the other, it weighs eight times as much, but needs only four 
times as much food per day, as its surface is only four times that of the 
small dog. Thus children need a great deal more food per pound of 
their own weight than do adults for energy production alone, besides 
their requirements for growth. Similarly if we compare a large cart 
horse weighing a ton with a ton of men (13), a ton of fowls (500), 
and a ton of mice (55,000), their food requirements will be propor- 
tional to their total surfaces, and tlie men will need 3 *7 times as much 
energy per day when at rest as the horse, the fowls 8 times, and the 
mice 25 times. This law does not hold for ‘‘cold-blooded’’ animals. 

Although in the long run die oxidation of food is our only source 
of energy, yet a muscle or gland can work for a short time without 
any oxidation. The immediate source of muscular energy seems to be 
die breakdown of a compound of sugar and phosphoric acid into 
lactic and phosphoric acids. This chemical reaction is used as a source 
of work, but to put its products together again so that they can furnish 
more work, sugar must be oxidized, so a muscle cannot work for long 
without being supplied with oxygen. In a sprint of 100 yards the leg 
muscles work faster than we can supply them with oxygen, and are 
very short of it at the end. So if in running a quarter-mile, a runner 
sprinted during die first 100 yards, Ms muscles v^ould be short of 
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oxygen for the rest of the race, and would work inefficiently. It is 
better to put off the sprint to the end and run less rapidly at first, so 
that the muscles are able to get all the oxygen that they need. 

Our energy requirements can be made up in various ways, just as a 
fire may bum coal, wood or peat. Thus a diet of 135 grams protein, 
80 grams fat, 500 grams carbohydrate will furnish 3,350 kilocalories, 
but within fairly wide limits we can replace one food by another 
yielding the same amount of energy. Fifty grams of the protein could 
be replaced by 50 of carbohydrate or 21 of fat without reducing the 
protein intake below what is needed for repairs. But we cannot make 
out a dietary on a basis of energy alone. The tissue proteins are always 
breaking down, and need a certain minimum of protein food to build 
themselves up again; whilst a growing child, a pregnant or nursing 
woman, or a man recovering from illness or building new muscle 
during training, needs more than this. All kinds of protein are not of 
equal value. A vegetarian, if he does not take milk or cheese, must eat 
more protein than a meat-eater to keep in health, as vegetable proteins 
are generally less digestible than those of animals, and on digestion 
yield products which are not in the best proportions for building 
animal tissues. 

We also need various inorganic substances besides water, for exam- 
ple, calcium salts for our bones, iron salts for our haemoglobin, sodium 
chloride for our sweat. Finally, our diet must contain small quantities 
of at least four, and probably five or six, different organic compounds 
generally called vitamins. We do not know the exact composition of 
these, though we know a good deal about them, for example, that one 
is a base (like quinine or adrenaline), two others soluble in oil like a 
fat or wax, and so on. Vitamin A is a fat-like and soil-soluble substance 
found in leaves and many natural fats and oils. It is necessary for 
growth, and a shortage of it leads to eye troubles and loss of immunity 
to various diseases. B is easily soluble in water and probably a base. 
It is found in many living tissues, notably yeast and the embryos of 
cereal grains. Its absence leads to a failure of growth, and to affections 
of the nervous system. C is water-soluble and easily destroyed by 
oxidation. It is found especially in fruit and leaves. Its absence leads to 
scurvy. D has properties and a distribution similar to those of A. Its 
absence leads to rickets and bad teeth, but it is formed whenever an at 

M.S.T. — G 
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present unlmown precursor, related to cholesterol, and a constituent 
of most ceUs, is acted on by ultra-violet radiation. So a plentiful 
exposure of the skin to sunlight wiU make up for a deficiency of h 
E IS an oil-soluble substance found especially in wheat embryo Its 
absence causes sterility, but not ill-health. This list is probably not 

complete. Someofdievitamins, especially C.areliableto be destroyed 

by oyer-cooking. others are often removed with the bran in milline 
gram, so that human diets are often short of one or another of them^ 

Most plants can make some or aU of them, and some animals do n^; 
require them all. 

'T “P’ a complete diet must include inorganic substances, 
org^c bodies which can be oxidized to yield energy, and a number 
probably about twenty, of different organic compounds which the 
animal body cannot itself build up. 



CHAPTER FOUR 


TRANSPORT IN THE BODY 

E nergy is constantly being liberated in every part of the 
body as the result of chemical changes, so we must study the 
methods by which food and oxygen are distributed, and waste pro- 
ducts removed. We may begin with the exchange of gases, which in 
our case we call breathing. In simple animals like jelly-fish and many 
worms there are no special organs for this purpose. Dissolved oxygen 
soaks through their skins from the water in which they live, and dis- 
solved carbon dioxide soaks out. In somewhat more complicated 
creatures like the earth-worm there is a special fluid, the blood, one 
of whose functions is to carry oxygen from the skin to the internal 
organs, and carbon dioxide back. In the most advanced water-dwellers 
we find special tufts of thin skin, the gills, into which blood is pumped 
by a heart or hearts, so as to expose it to water with which it may 
exchange gases. GiUs may be naked, as in the young tadpole, but 
usually, as they are very delicate, they are protected by hdsorpouches, 
as in fish or lobsters, where they he behind the head on each side. In 
air-breathing animals there are two quite diiferent kinds of breathing 
organ. In insects and spiders, air is carried to every part of the body by 
tiny branching tubes called tracheae, which open by numerous pores, 
mainly on the sides of the abdomen (Fig. 21). In air-breathing verte- 
brates and molluscs the blood is exposed in the lungs to air which is 
continually renewed by the act of breathing. Some animals combine 
several methods. Thus a frog can use its skin alone for breathing so 
long as it does not need much oxygen, but it normally employs its 
lungs as well. 

The human lungs are elastic organs of a spongy texture, consisting 
of milhons of very small cavities which open into stiff tubes called 
bronchi. These in turn open into the windpipe m the front of the neck. 
Since air cannot enter the space between the lung and the chest wall, 
the lungs expand when the chest is expanded. Ti^ can happen in two 
different ways. In the first place the diaphragm, a sheet of muscle 
separating the chest and belly, and bulging upwards into the former, 
may contract and force the contents of the belly downwards and out- 
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waids. This pulls the bases of the lungs down, and draws air into them 
Or the muscles wliich lie between the ribs may contract so as to bring 
the ribs, which normally slope downwards, into a more horizontal 
position. The breast-bone is thus pushed away from the vertebral 



Fig. 21. Final ramifications of trachea (tracheoles) in a cater- 
pillar. t, a smaU trachea, prevented from collapsing by its 
spirally wound chihnous thickenings, e, a cell in which con- 
nexion is made between a trachea branch of smallest size and 
a number of tracheoles, c. These contain air-channels less than 
in diameter, which run within the bodies of elongated 
ceils, whose nuclei are seen in the figure, and require no special 
strengthening in their walls. (From Imms, after Holmgren.) 

column, while at tlie same time the diameter of the chest from side to 
side is increased, and the lungs expand to fill die extra volume. Muscles 
acting in the opposite direction force the air out again if necessary; 
generally the elasticity of the lungs is sufficient. Thus the air to which 
the blood in the lungs is exposed is coiistandy being changed. The 
inspired air contains 21 per cent of Og and only 0*03 per cent of CO 2 , 
whilst the expired air (after being dried) contains about 17 per cent 
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Fig. 22. A human heart seen from the right, with right 
auricle and right ventricle opened. 1, anterior (superior) 
vena cava; 2, posterior (inferior) vena cava; 2'. hepatic 
veins; 3, right auricle; 3' is just to the left of the aperture 
of the coronary vein, which returns blood j&om the 
substance of the heart; 4, 4, right ventricle; 4 ', one of the 
papihary muscles, attached by chordse tendinese to 5, 

5 ,5 , the tricuspid valve between right auricle and right 

ventricle; 6, window cut out to show cavity of the 
pulmonary artery, at whose base three semilunar valves 
are seen; 7, ductus arteriosus, derived from part of the 
embryonic arterial arch system, and connecting pul- 
monary artery with 8, the aorta; 9, arteries to head, neck 
and fore-limbs; 10, part of left auricle; 11, part of left 
ventricle. (Allen Thomson.) 
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of O 2 and 3 per cent of COg. To understand how this change occurs 
we must study the circulation of the blood. 

The blood flows to and from the heart, as we have seen, through a 
closed system of tubes known as arteries, veins, and capillaries. It leaves 
the heart by the arteries, which are comparatively thick-walled, and 
seldom near the surface, and returns by the veins, which have thinner 
walls, and often lie just below the skin. It passes from the arteries to 
the veins by the capillaries, which are too small to be seen with the 
naked eye, but are found in almost every tissue. The most easily felt 
arteries in man are those of the wrist and temple, the most easily seen 
veins those on the back of the hand and foot. Finally, the heart, which 
pumps the blood round, is a hollow muscle with four chambers, lying 
between the lungs, and about as large as the two fists together. A 
diagram of the course of the circulation in man will be found in Fig. 
23. The blood from all parts of the body except the lungs enters the 
heart from behind, near the right-hand top corner, and flows into a 
chamber called the right auricle. This contracts rhythmically (the 
average rate in a grown man at rest is about seventy times a minute) 
and forces its contents into a thicker-wailed chamber lying below it, 
the right ventricle. As soon as this is full it contracts in its turn. The 
blood is prevented from returning into the auricle by a valve, called 
the tricuspid. It therefore finds its way out through the pulmonary 
artery, which leads it to the lungs. The semilunar valves at the base of 
the artery prevent it from flowing back into the ventricle when this 
relaxes at the end of its stroke. In the lungs it has to pass through capil- 
laries in the walls of the air sacs, so that it is only separated from the 
air by a very fine membrane, and can easily lose its carbon dioxide and 
take up oxygen. It returns from the lungs by the pulmonary vein, this 
time to the left auricle, which contracts at the same time as the right 
auricle, and fills the left ventricle. The left ventricle, which is assisted 
by valves not unlike those on the right side of the heart, forces the 
blood into the largest artery, an elastic tube called the aorta, from 
which it is distributed all over the body by the other arteries (Fig. 22). 

One way of forcing it round through the narrow capillaries would 
be to have a cistern at the top of the head from which it flowed down 
again, but this arrangement would clearly not work when its owner 
lay down. In reality, a fairly steady pressure is kept up by the fact that 
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the walls of the aorta and the arteries are always stretched, and con- 
tinue to squeeze the blood along between the strokes of the ventricles. 
The pressure in man is about that of a column of blood 1 7 metres 
nigh, i.e., equal to the head of blood which would be obtained from 
a cistern 1 7 metres above the heart. The heart of a grown man at rest 
deHvers about 8 litres per minute, or just over 100 cubic centimetres 
per beat. During exercise the heart may deliver three or four times as 
much per minute, mostly as the result of an increased number of beats 
per minute. The beat of the heart which is felt below the fifth rib on 
the left side is due to the left ventricle striking the wall of the chest 
each time it contracts and stiffens. 

The blood is squirted along the arteries at a rate which may be as 
high as 50 centimetres a second, and each fresh wave causes a pulse in 
the artery. If an artery is cut, the blood comes in a series of spurts from 
the side nearest the heart, and can be stopped by pressure on the heart 
side of the cut. It is easy (and safe) to stop the pulse in the wrist by 
pressing on the same artery higher up, either inside the elbow or inside 
the upper arm just below the armpit, where it can be felt. 

The blood flows through the capillaries very slowly, at about half a 
millimetre per second. Their average length is about a millimetre, 
while their diameter may be less than 0-01 millimetre. Their very thin 
walls allow water, gases and dissolved substances to be exchanged 
between the blood and the tissues with great ease (Fig. 24). 

From the capillaries the blood oozes gently into the veins. They 
have no pulse, and a comparatively smaS pressure and rate of flow. 

A cut vein bleeds steadily and the flow can be stopped by compressing 
the side away from the heart. The flow of blood in the veins is assisted 
by the presence ofvalves in them, which only allow it to move towards 
the heart. If the finger tip be run along one of the veins of the fore-arm 
away from the heart, the vein will dilate on the heart side of each valve. 
"When therefore the contraction of various muscles squeezes the veins, 
the blood can only flow towards the heart. If a man stands quite still 
the blood tends to accumulate in the veins of his legs, and he is liable 
to faint from failure of the supply to his brain. When he starts walking 
the blood is at once squeezed out of these veins. 

' The only veins in man which do not lead straight back to the heart 
are those from the digestive canal and some other abdominal organs, 
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Fig. 23. Diagram of the course of the circulation in man. The blood entering 
the right side of the heart by the main vein flows into R.A,, the right auricle; 
thence, through a valve, into jR.K, the right ventricle, which pumps it, 
through a valve, down P.A., the pulmonary artery, to the lungs, Lg, The 
blood here flows in capillaries, and is then gathered up into the pulmonary 
vein, P. K,, and taken to the left side of the heart, entering the left auricle, L.A,, 
then (through a valve) the left ventricle, L.K, and by this being pumped out 
(again through a valve) into the aorta, Ao. Some of the blood (^^) goes to 
the head and anterior extremities, whence it is returned by the anterior venae 
cavx (F^), into which discharges the main trunk of the lymphatic system, 
the thoracic duct {Th.D,). The rest (A^) goes to the trunk and hind-limbs. 
That which supplies the digestive tube (AL) passes to the liver (Lr.) by the 
hepatic portal vein (F.P.); the liver also receives arterial blood direct by H,A., 
the hepatic artery. The hepatic vein, H.K, joins the veins from the other 
posterior regions, and flows to the heart in the inferior vena cava, F.C./. 
Let denotes the lacteal lymphatic vessels from the intestinal wall, Ly. ordinary 
lymphatics. (Huxley, Lessons in Elementary Physiology^ 1915.) 
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which pass into the liver. Here, as we shall see later, the food absorbed 
by the blood from the gut is dealt with (Fig. 23). As the liver needs 
oxygen, it has also a supply of fresh arterial blood. 

In most other animals the circulation is somewhat different. Thus 
in a fish the blood only goes once through the heart in a complete 
journey, instead of twice, and it all passes through the gills before 
going on to the tissues. In the frog, in keeping with its two ways of 
breathing, we have a condition almost half-way between that found 
in fish and men (p. 123). 

e must now consider how the blood acts as a carrier of oxygen 
and carbon dioxide. Water at body temperature will only take up one 
two-hundredth of its volume of oxygen from air; if the blood were 
no better than this we should need a heart working forty times as fast 
as the one we have. Actually the oxygen is carried round in loose 
chemical combination with a body called haemoglobin. This is a pro- 
tein, but contains iron as well as the usual carbon, hydrogen, oxygen, 
nitrogen and sulphur. It is of a purple colour, but becomes red on com- 
bining with oxygen, which it readily takes up from the air. Thus the 
blood in the veins is purplish, but if exposed to air either in the lungs 
or by opening a vein, it at once becomes red. The haemoglobin which 
it contains enables blood to hold eighteen volumes of oxygen per 
cent, which is six-sevenths of the amount contained in the same 
volume of air, and about forty times what the blood could carry 
without haemoglobin. Since blood carries dissolved solids as well as 
gases, a single set of capillaries supplies the tissues with all that they 
need for activity, growth and repair, besides removing most of the 
waste products. The carbon dioxide produced in the tissues is mainly 
carried, not in solution as such {CO 2 ), but in combination as sodium 
bicarbonate (NaHCOs). 

If we look at a drop of blood under a microscope we see that it con- 
sists of a clear fluid full of little reddish-yellow bodies about 0-007 
millimetre in diameter, shaped like a round biscuit, with a depression 
on either surface. They can just be seen with a powerful hand-lens. 
A cubic millimetre of blood contains about five mfllion, and, as a man 
has about 4 litres of blood, the total number in his body is about 20 
million million, or far more than the number of men who have lived 
since history began, or probably at all. Their total surface is about 
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1 ,500 times the surface of the body. All the haemoglobin of the blood 
is contained in them, and tliey therefore carry round the oxygen from 
the tissues. Their huge surface area renders this exchange easy. They 
arc cells which have lost their nucleus and are therefore not fully alive, 



Fig. 24. (a) A large capillary vessel (from the mesentery of an anjesthetized 
frog) showing the migration of white blood corpuscles out of the vessel as 
a result of irritation caused by several hours exposure to air. a, leucocytes 
in the act of passing through the wall of the capillary; b, leucocytes which 
have passed right out (Frey), (b) A small arteriole (left) and venule (right), 
with a network of capillaries connecting them, as seen in the web of a frog’s 
foot under a low magnification. (After Alicia Thomson.) 


but act as passive carriers of oxygen. They are always being produced 
in large numbers in the bone-marrow, and destroyed in the spleen 
and liver when worn out. 

For every 500 or so of these red corpuscles there is one white ' 
corpuscle* Those shown in Plate 12 have been stained to show their 



Fig. 25. Ventral view of the human thoracic duct {a, b). It is seen to be con- 
nected with other lymphatic trunks and glands (e.g., those in the lumbar 
region, i), and to open into the junction of the left jugular (/) and subclavian 
(^) veins at c. It lies just ventral to the spinal column, on either side of which 
are seen portions of the ribs (1), h, anterior vena cava, just anterior to which, 
is a piece of the windpipe. (Huxley, Lessons in Elementary Physiology, 1915.) 
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Structure. They are true cells with nuclei, and some of them are capable 
of active movements. There are at least six different kinds with differ- 
ent functions, mostly of a protective character. Thus one kind eat up 
parasites found in the blood, another kind burrow through the walls 
of capillaries in inflamed areas, and remove dead or injured tissue and 
disease germs, often forming collections of ‘^matter” or pus (Fig. 24 
and Plate 12). Others produce substances which kill disease germs, and 
so on. The blood also contains non-cellular bodies called platelets, 
which are smaller than the corpuscles and are concerned in clotting 
and in immunity; diere may also be tiny drops of oil after a fatty meal. 

Besides the blood-vessels, all vertebrates possess another system of 
vessels wliich open into the veins, but contain clear fluid called lymph. 
The lymphatic vessels slowly drain away fluid from the spaces between 
the cells. On the course of the vessels the fluid passes through small 
lymph-nodes or glands, which may be felt under the skin in the neck, 
armpit or groin, before entering the blood. The lymph contains 
white corpuscles which are largely produced in these glands, and 
abnormal bodies from the tissues are dealt with in them. Thus if the 
arm is inflamed, tlie lymph-nodes of the armpit are generally enlarged, 
as they are busy destroying poisons or bacteria from the inflamed 
tissue. The lymphatics also play a part in digestion, which we shall 
study later (Fig. 25). 

We must now see how the cells obtain the foodstuffs which they 
require. In simple animals such as polyps every cell is so close to the 
digestive cavity that it can obtain food thence directly. In most higher 
animals, however, the cells which line the alimentary canal and its 
glands are higlily specialized for the purpose of breaking up the food- 
stuffs into soluble forms and passing them rapidly into the blood or 
other body fluids. This process is called digestion. A few internal para- 
sites like the tapeworm have no gut, but absorb their food through 
their skin, relying on their host to break it up for them. 

The course of digestion in man is as follows. The food is chewed in 
the mouth, where it is also moistened by saliva, a fluid secreted mainly 
by three neighbouring pairs of glands. Two pairs of these lie between 
die tongue and the lower jaw, the third pair (whose inflammation 
causes mumps) lie below tlie external ear, mainly inside the lower jaw 
bone. Besides moistening the food, saliva contains an enzyme, ptyalin, 
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which breaks up starch into an easily soluble sugar called maltose. 

Enzymes play a much larger part in digestion than do mechanical 
processes. Each digestive enzyme is a definite substance with the 
property of bringing about, or enormously speeding up, a particular 
chemical reaction. Pepsin from the stomach will split up half a million 
times its weight of protein, but will not alter starch or fat. So delicately 
is an enzyme adjusted to the substrate on which it acts, that as most 
food molecules are asymmetrical (as we know from their rotation of 
the plane of polarized light and their asymmetrical crystals) so are the 
enzymes that act on them. Enzymes have been compared to keys 
which open certain locks only. But they are like “Yale” rather than 
ordinary keys. For we can make in the laboratory a sugar or peptide 
(part of a protein molecule) which only differs from the natural variety 
in that its molecules are related to the natural molecules as a left hand 
to a right or an object to its image in a mirror. Enzymes will not act on 
these artificial substances, though they digest their mirror images 
which occur in nature. So Alice, who went through the looking-glass 
in the story, could not have digested the lookiug-glass proteins and 
carbohydrates. She would have had to get her energy from fat and 
alcohol, whose molecules are symmetrical, and would finally have 
died of protein starvation. 

Enzymes are not alive, and can still work when removed from the 
body; but they are generally destroyed by boding. The action of 
ptyalin can easily be shown. A solution of boiled starch gives a blue 
colour with iodine. If saliva is allowed to act on it for a few minutes 
at body temperature or a few hours in the cold, the starch is broken 
down to sugar and loses this property. If the saliva is first boiled no 
change occurs. 

When the food is swallowed, it is passed into the gullet or oeso- 
phagus. To get there it must pass over the mouth of the windpipe, 
and when any falls down this we choke. To prevent this, the breathing 
is stopped while we swallow, and the cartilages at the top of the wind- 
pipe which are concerned in voice production are brought together 
so as to close the top of the larynx. It is further protected by a cartilagin- 
ous lid at the back of the tongue called the epiglottis, wliich is pressed 
backwards over it by the food during swallowing. The movements 
of the laryngeal cartilages can easily be felt. As the food leaves the 



ANIMAL BIOLOGY 


192 

mouth it passes out of the control of consciousness and will. The 
movements of our digestive canal, except at the two ends, are carried 



Fig. 26. The abdominal portions of the human 
digestive tube, ventral view. R, right; L, left sides 
of the body, oc, gullet (oesophagus), st, stomach, 
py, aperture of stomach into small intestine 
(pylorus), dwo, duodenum, opening into the 
much-coiled remainder of the small intestine 
(JeJ and II). This opens into the large intestine, 
with its caecum (ccee) and vermiform appendix 
(uerm). It is divided into colon, ascending (A.col) 
and descending (D.col), and rectum (R). (Huxley, 

Lessons in Elementary Physiology ^ 1915.) 

out by smooth or involuntary muscle and are controlled by a special 
part of the nervous system over which the mind does not preside. 
The food or drink on leaving the mouth is seized by the smooth 
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muscle of the oesophagus, which contracts 
behind it and relaxes in front, thus passing 
it rapidly down into the stomach. Owing 
to this gripping action one can eat or drink 
while standing on one’s head. 

The human stomach (Figs. 26, 28) is a 
bag of smooth muscle lined with a mem- 
brane consisting mainly of microscopic 
glands (Fig. 27). When expanded it will 
generally hold about 2 litres. The gastric 
juice is a clear fluid containing about i- per 
cent free HCl, and several enzymes, of 
which the most important is pepsin. In 
presence of acid (though not in a neutral 
or alkahne fluid), pepsin causes proteins to 
break up into bodies called peptones and 
proteoses, which have very much smaller 
molecules than the proteins from which 
they are derived, and are more soluble. 
Some carbohydrates are attacked by the 
hydrochloric acid. Thus each molecule of 
cane sugar is split into one of glucose and 
one of fructose, and inulin, a starch-like 
body found in many plants, is broken up 
into fructose. Fats are less affected in the 
stomach. 

A meal remains in the stomach for a 
time — generally between one and four 
hours — which depends on the nature and 
quantity of the food taken. All this time 
the muscular walls of the organ are con- 
tracting in such a way as to mix the food 
thoroughly with the gastric juice. Hardly 
any absorption occurs in the stomach. 
When its contents are fuUy mixed the 
muscular ring surrounding the lower 
orifice of the stomach, the pylorus, opens. 



Fig. 27. A simple gland 
from the stomach of a 
mammal (a bat). The nar- 
row duct opens above into 
the cavity of the stomach, 
among columnar cells. The 
main part of the gland is a 
simple tube, formed of a 
single layer of cells; these 
secrete pepsin, A few 
darker stained cells are seen 
near the outer side of the 
tube; these probably secrete 
hydrochloric acid. 
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and a jet of its contents is squirted into the duodenum, the top por- 
tion of the small intestine. After a heavy meal the stomach may tahe 
several hours in emptying itself 

The human small intestine is a tube about 6 metres long and 3 centi- 
metres in diameter when relaxed (Fig. 26). It is lined by fine projec- 
tions of the mucous membrane, the villi, which give it a velvety 



Fig. 28. The position and shape of the moderately full 
human stomach, as revealed by X-ray photography after 
a meal mixed with oxychloride of bismuth, which is 
opaque to X-rays, o, gullet (oesophagus); f, fundus of 
the stomach (containing air); p.c., pylorus of stomach, 
opening into the small intestine; u, position of the 
umbilicus (navel) on the surface of the body. The dotted 
lines indicate the position of the backbone. 

texture, and increase tenfold the surface available for absorption. 
Between the bases of the villi are the mouths of numerous micro- 
scopic glands, and just beyond the pylorus open the ducts of two 
large glands, die liver and pancreas. The liver, among its other func- 
tions, secretes bile. This contains substances wliich have the property, 
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possessed in a less degree by soap, of lowering the surface tension of 
water in which they are dissolved. Drops of oil or melted fat tend to 
join up so as to have as small a surface as possible. This tendency of the 
surface to shrink is prevented by the bile in the intestine, so when fat 
drops are broken up there they do not coalesce again, but form a 
milky emulsion. Hence the fat-splitting enzyme made in the pancreas 
can act on a vastly greater surface of fat than would otherwise be 
available. A man with jaundice from a blocked bile duct can digest 
milk, whose fat is already broken up, but not suet or butter, which 
form big drops. The bile also contains pigments formed from the 
hasmoglobin of worn-out red corpuscles. These are excreted in the 
fasces and give them their yellow colour. In jaundice the bile duct is 
blocked, and accordingly the skin becomes yellow and the feces 
white. Bile is stored in the gall bladder till required. 

The pancreas secretes a juice containing a number of enzymes. One 
of these, like ptyalin, breaks down starch into maltose. Others break 
down maltose to glucose, and lactose (milk sugar) into glucose and 
galactose, a very similar substance. Another breaks down fat into 
glycerol and fatty acids, which partly combine with alkali to form 
soap. In every case the molecules formed wiU pass more easily through 
a membrane than those of the food. If the juice contained a protein- 
splitting enzyme it would probably digest the pancreas itself and its 
duct. However, it contains a substance which, on mixing with the 
secretions of the intestinal glands, yields trypsin, an enzyme which 
attacks proteins and the products of peptic digestion, breaking them 
down into amino-adds. These enzymes wiU not act in an add 
fluid, so the bile and pancreatic and intestinal juices have to mnroin 
enough sodium bicarbonate to neutralize the add of the gastric 
juice. 

The secretion of the intestinal glands, besides the substance which 
helps to form trypsin, contains an enzyme which will break down 
peptones, though not whole protein molecules, into amino-adds. 
There are also enzymes which break down milk-sugar and cane-sugar 
to sugars containing only six carbon atoms. 

So far as we know, no animal more complicated than a snail pro- 
duces an enzyme which will break up cellulose. But grass consists very 
largely of cellulose, and to digest it hoofed animals and other plant 
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eaters employ bacteria which grow in their digestive canal. In cud- 
chewcrs like the cow and sheep these bacteria live in special compart- 
ments of the stomach; in the horse in the large intestine, which may 
have a capacity of 200 litres. The bacteria can get very little oxygen, 
so they cannot oxidize the cellulose, but they turn a good deal of it 
into methane, which is wasted, and leave much undigested. The rest, 
however, is broken up into small molecules which the animal can 
absorb. In man, cellulose is not digested, but it is useful in giving bulk 
to the fasces and preventing constipation, which easily occurs when 
the food leaves no indigestible residue. 

The food is thus broken up into easily soluble constituents, and is 
ready to be absorbed. This is done by the epithelium of the small 
intestine. The passage through is not a mere filtration. For example, 
the blood contains one part of sugar per thousand, and if sugar merely 
filtered across from gut to blood, it could never quite disappear from 
the gut as it in fact does. Actually, during the absorption of food, the 
absorptive cells perform work, for which they need an extra supply 
of oxygen. 

The fats are, in part .at least, put together again from glycerine and 
soap, and passed as a fine milky emulsion into the lacteals, as the 
lymphatics of the small gut are called. These join together to form the 
thoracic duct (Fig. 25), which runs up through the chest and empties 
into the jugular vein at the base of the neck. The blood may be 
noticeably milky after a heavy meal of fat. The rest of the products of 
digestion are passed into the capillaries, and dissolved in the blood. 

All tlie veins from die gut run to the liver (Fig. 23), and here the 
food is further dealt with. Thus sugar, if not needed immediately for 
oxidation, is stored as a starchy body called glycogen, discovered by 
Claude Bernard, and gradually liberated as required later on {see 
Chapter Eight). Some of the sugar and most of the fat are stored else- 
where. Part of the sugar is stored as glycogen in muscles, but much of 
it is made into fat and stored under the skin and round some of the 
internal organs, along with fat from the food. In the frog fat is stored 
in special fat bodies. The stored glycogen is later split up into glucose 
for use in die body by an enzyme, which continues to work after 
death, and the sugar thus liberated gives liver its well-known sweet 
taste. Absolutely fresh liver is not sweet. Again, ammonia, which is 
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formed in the digestion of many proteins, is, in the Hver, mostly 
combmed with carbon dioxide to form urea (2NH3 + COj = 
CONaHi -f H2O). Urea is an innocuous body, but ammonia 
poisonous if it gets to the brain, so that if the blood from the gut is 
short-arcmted mto the vena cava instead of going into the Hver a 
heavy meal of meat may cause convulsions. The hver also deals on the 
same sort of lines with any excess of amino-adds in the blood and 
with vanous poisons; its most important function is thus the regula- 
tion of the blood s composition, and not the secretion of bile. During 
starvation tlie body Hves on its stores of fat, and the liver takes on the 
new duty of converting the stable fats such as those of suet into oils 
like tnat of linseed, whicli a.re very easily oxidized. 

The unabsorbed residue of the food from the smaU intestine passes 
mto the large mtestme, where it remains in man for a day or so, and 
IS acted on by bacteria. These are of htde or no value to man, diouc^h 
\^ry valuable to some animals. In man little but water is absorbed 
Aere. By this removal of water the bulk of the waste food is reduced 
by about nine-tenths. The large intestine also excretes poorly soluble 
salts, such as calcium phosphate, from the blood. These would clog up 
the urinary passages if tliey were excreted by the kidneys. 

The active tissues take oxygen, sugar, fat and amino-acids from the 
blood, and use them for oxidation, growth, and repair. Into the blood 
they empty waste products, of which the most important are water, 
carbon dioxide and urea, but other soluble waste products of protein 
metabolism include sulphuric and phosphoric acids, creatinine and 
uric acid. The last two contain C, H, O and N. They are all excreted 
by the kidney except the carbon dioxide and some of the water, wliich 
go out by the lungs, and, in the case of water, the skin. 

The kidneys consist of a mass of tubules (Fig. 29 ) (about a million 
on each side in man) each beginning in a capsule containing a tuft of 
capillaries, and ending, after a winding course, in the central cavity of 
the kidney. The capillary tuft seems to act as a filter, and the fluid that 
soaks through it is blood noinus corpuscles and minus a few of the 
large molecules, such as the proteins concerned in clotting. As tliis 
filtrate runs down the tubules, the cells lining them reabsorb valuable 
constituents of the blood, such as sugar, and probably add unwanted 
ones such as urea, ammonia, uric acid, creatinine and sulphates. The 
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urine trickles down the ureters into the bladder, M^hence it is emptied 
from time to time. An adult man produces on an average about 1 *5 
litres of urine per day, containing thirty grams of urea, fifteen of 
sodium chloride, and ten of other soluble waste products. 



Fig. 29. Diagram of a Malpighian corpuscle in the human 
kidney. The end of the kidney tubule is thin-wailed, and 
is dilated to form a capsule (Bowman’s capsule). This is 
invaginated by the ingrowth of a small arteriole and 
venule, which break up within the inner wall of the 
invaginated capsule to form a network of capillaries or 
glomerulus. 


The blood is thus the medium of exchange between the different 
parts of the body. The heart keeps it moving, the lungs and gut supply 
it with fresh oxygen and foodstuffs, other organs get rid of waste 
products, and all the tissues of tlic body take from it according to their 
needs. The life of every part of the organism therefore depends on an 
adequate supply of blood of proper composition. 




CHAPTER FIVE 


THE NERVOUS SYSTEM 


f-pHE ACTIVITIES SO FAR described may almost aH be found in 
± machmes, but a compbcated macliine needs human control if the 

partsamtoworkharmoniously.ThebodytoalargeextentrunsM 

The diapHagm and heart contract with the appropriate force and 
rhythm, the pancreas begins to secrete as food reaches the duodenum 
and so on. But m many of our more complex activities, such as the 
movements of my hand as I write these words, consciousness plays a 
, part. The chief apncy in co-ordinating our actions is the nervous 
system. Many of its activities are unconscious: consciousness and will 
oiJy play a part where our past experience is likely to be of value in 
innuencmg our beliaviour. 


The unconsaous responses of the nervous system are called reflex 

actions, OTreflexes; though ofcourse it is also responsible for voluntary 

actions The nervous system controls striped muscle, heart muscle, 
smooth muscle and glands, but with very few exceptions it is only tbe 
striped muscles that the will can influence, and even they are often 
moved by reflexes. In every reflex or voluntary action three organs 
are always concerned, first a receptor organ wHch is appropriately 
stimdated, then a longer or shorter path in the nervous system, and 
finally an effector organ. The latter is always a muscle or glandin man 
though other animals have electric and luminous organs under ner- 
vous control. In the case of voluntary action the delay in the central 
nervous system may be very long, but there is always some external 
motive for a voluntary action. The nature of reflex and voluntary 
action wiU be made clearer by a few examples, tabulated on the fol- 
lowing page. 


It will be seen that all but the last are reflexes. The first three are 
entuely mdependent of will or consciousness. They are performed by 
smooth muscle. The fourth involves consciousness but not will. It 
can, however, be influenced by voluntary attention. The next four 
are performed by striped muscle, and are partly under voluntary con- 
trol. The last is a very simple voluntary action. The line between 
reflex and voluntary action is not sharp. Only an experienced school- 
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Action, 

Receptor. 

Effector. 

1. Speeding up of the heart on 
increasing its supply of blood 
(Chapter Seven). 

Nerve-endings in 
right auricle. 

Heart muscle. 

2. Contraction of pupil in strong 
light. 

Retina of eye. 

Smooth muscle of 
iris. 

3. Reddening of skin after a scratch. 

Pain spots of skin. 

Smooth muscle of 
small vessels 
which open. 

4. Secretion of saliva on smelling 
food. 

Olfactory organ 
in nose. 

Salivary glands. 

5. Knee jerk.* 

Nerve-endings in 
tendon. 

Extensor muscles 
of thigh. 

6. Blinking on eye being struck at. 

Retina of eye. 

Eyelid muscles. 

7. Breathing. ' 

Respiratory cen- 
tres in brain. 

Muscles of chest 
and diaphragm. 

8. Sneezing. 

Nerve-endings in 
nose. 

Muscles of chest 
and diaphragm. 

9, Answering a bell. 

Organ of Corti 
in ear. 

Leg muscles. 


master can tell voluntary from reflex coughing. It will be seen that 
tlic receptor organs are generally, but not always, sense organs, that 
is to say, their stimulation produces consciousness as well as reflex 
action. 

We can learn a great deal about the properties of nerve by taking a 
muscle with its motor nerve out of a recently killed animal. If we 
stimulate the nerve by electrical or chemical means, or mechanically 
(e.g. by pinching), the muscle will contract. This irritability continues 
for many hours, though the muscle is very easily fatigued unless it has 
a proper oxygen supply. The muscle may be made to work a lever 
which writes on a moving sheet of paper, and the effects of different 

* Sit down, cross the legs, and hit the tendon below the knee-cap. The extensor muscles of the 
thigh contract, and the foot dies up. 
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Stimuli can thus be compared. We can also measure the heat or elec- 
trical changes produced. By such means we learn the following facts 
about nervous conduction. 

Each fibre conducts independently of the others. It conducts not a 
steady stream, but a series of nervous impulses. An impulse is not an 
electric current, but an activity of the nerve fibre producing an elec- 
trical effect and a little heat as it goes along. It travels at about 30 
metres per second or 70 miles per hour in man. Thus a man, hit by a 
car going at 80 miles per hour, will probably feel nothing because his 
brain is destroyed before any nervous impulses from his skin reach it. 
After the passage of an impulse the fibre needs a rest of one-thousandth 
of a second or more before it can transmit another. All impulses in the 
same fibre are normally of the same intensity. Thus, from this point of 
view, we may compare a nerve to a bundle of telegraph wires, down 
which electrical waves of the same intensity pass at varying intervals, 
but not to a bundle of telephone wires, in which tlie intensity of the 
waves is variable. Finally, the energy of a nervous impulse is so small 
that about four million impulses (which would take several hours to 
pass) would be needed to heat a nerve 1° centigrade. 

A voluntary muscle responds to one nervous impulse by a twitch, 
to a rapid series by a steady contraction. A contracting human muscle 
is getting about forty-five impulses per second. The energy liberated 
in a gram of contracting muscle is several hundred thousand times 
greater than that in a gram of the nerve which suppHes it. This ratio is 
about the same as that of the energy developed by a 30-h.p. motor 
car running for twelve hours, to that used by the man who turns the 
starting handle for a minute. Muscles can be made to contract by 
weak artificial electric currents as easily as by those produced by the 
nerve. 

W e are not yet sure of the details of how a muscle contracts, though 
it seems that the lactic acid formed causes microscopic fibrils to con- 
tract, as many proteins do when placed in weak acid. A muscle is not 
a heat engine, for it has a very high efficiency such as is only found in 
heat engines one part of which is very much hotter than the other. Its , 
chemical energy is converted directly into work without first passing 
into heat. The actual process of contraction may have an efficiency of 
90 to 100 per cent, but an amount of energy greater than the work 
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done in contraction is wasted as heat during the re-synthesis of the 
lactic and phosphoric acids, so that the whole process has an efficiency 
of only about 40 per cent. Moreover, a good deal of energy is needed 
for the extra breatlring and heart action during exercise, besides the 
basal metabolism which goes on all the time. So, considered as a 
machine, a man never has an efficiency of more than 25 per cent. At 
best, he turns three times as much energy into heat as into work. 
Moreover, a muscle heats up while keeping up a steady contraction, 
as in standing, supporting a weight, or pusliing at a closed door. 

Striped muscles become quite flabby when their nerves are cut, but 
heart muscle and smooth muscle remain active. Striped muscles have 
probably only one set of motor-nerves wliich make them contract. 
Involuntary muscles have two sets: stimulation of one set causes 
increased activity, of the other set rest or lessened activity. 

The effects of stimulating a nerve-fibre depend mainly on its con- 
nexions in the body, to some extent on the quantity and rhythm of the 
stimulus, but not at all on where in its course it is stimulated. These 
facts were first discovered by Muller in 1826. Thus a blow on the 
'Tunny-bone” or just above it is felt in the ring and little fingers 
because the nerve from them runs near the surface at this point, and 
irritation of the nerves in the stump of an amputated leg wiU give a 
man pain which he feels in toes that he may have lost forty years ago. 
Again, when the nerve to the face muscles has been destroyed, the 
power to move them may sometimes be regained by grafting the 
nerve supplying certain neck and shoulder muscles into the old track 
of the facial. But when connexion has been made, die patient, in order 
to move the face, must will to move die shoulder. 

The most accessible receptor organs are those of the skin. They can 
easily be studied in an area where they are scattered, as on the side of 
the laice. If the skin is shaved we find that only parts round the hair 
roots are sensitive to gende touch with a bristle. Each root is sur- 
rounded by a network of nerve-fibres which are easily stimulated. 
The small hairs act as levers, and render the "touch spots” more sensi- 
tive. In hairless parts, such as the palm, sole, and lips, there are special 
receptors for touch (Fig. 35). Similarly if we go over the skin with a 
warm blunt metal point, we find that warmth is only felt at a second 
set of points (not ffiosc sensitive to touch), cold at another set, and 
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pain at a fourth. Many areas on the thigh are quite insensitive to pain, 
-as they have no pain spots. It is characteristic of receptor organs to be 
specially sensitive to one kind of stimulus, which may be physical, as 
with the skin organs, or chemical as with those of taste and smell. They 
will, however, generally respond to inappropriate stimuli, if these are 
strong enough. Thus mustard will stirndate first the heat and then the 
pain spots. A blow on the eye will make one see stars, and so on. 

On the other hand each receptor organ, with the paths leading fronx 
it to the brain, can generally only give rise to one kind of sensation. 
This, however, depends on the part of the brain to which it leads, not 
on the organ which is stimulated. There is no fundamental difference 
in the nature of the impulses in different nerves, as there is in their 
effects. If we stimulate the optic nerve, even after the loss of the eye, 
we get visual sensations, and so on. 

If we put the right hand into hot water, and the left into cold for a 
minute, and then both into lukewarm water, this feels cold to the 
right hand and hot to the left. This is characteristic of the senses. They 
tell us more about differences of intensity in their stimuli than about 
their absolute intensity. When we look at a candle in sunlight we find 
it hard to believe that we can see by it, or even be dazzled by it, at 
night. We go into a dark room, and see nothing at first, but soon adapt 
ourselves, and see the things in it instead of blackness. After half 
an hour in a sound-proof room one finds the noise of one’s own heart 
and breathing unpleasantly loud: normally one cannot hear them. 

The fineness of discrimination for touch depends mainly on the 
closeness of touch spots. Thus, on the palm, where they are very 
numerous, we can distinguish two points from one if they are 1 centi- 
metre apart. On the back, where there are few touch spots, this 
distance must be increased seven times or more. 

Under the skin are receptors of many kinds. Some respond to deep 
pressure, and others to pain, but when once the skin is cut through, 
most healthy tissues are almost insensitive to pain. They become 
tender, however, when inflamed. The gut and other hollow organs 
are insensitive to cutting or burning (stimuli to which they are not 
normally exposed), but very painful when stretched either by un- 
usually bulky contents or unusually strong contractions of their 
muscles. 
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There are also receptors in muscles, tendons and joints. These send 
impulses to the central nervous system, which inform it of the relative 
positions and movements of different parts of our body. Receptors 
and nerves with this function are called proprioceptive, whilst those 
whose stimuli come from outside are called exteroceptive. Proprio- 
ceptive organs may affect the consciousness. Thus we can tell how 



Fig. 30. Diagram to illustrate the course of nerve impulses concerned in a 
spinal reflex. The ncrve-ccll bodies are indicated as black dots, their fibres as 
lines. The grey matter of the cord is dotted. 


mucli our knee is bent even with our eyes shut, owing to the joint 
organs, or how great a weight we are holding, owing to the muscle 
organs. But far more important is the aid tliey give us without our 
knowing it, in the co-ordination of muscular movement. If proprio- 
ceptive impulses cannot reach the brain from the legs, as happens in a 
disease of the spinal cord called locomotor ataxy, in winch sensation 
is not lost, the patient cannot co-ordinate the movements or postures 
of his leg muscles. In walking he raises his foot too high and brings it 
down too hard. He cannot stand with Iiis eyes shut. There is no weak- 
ness of the muscles, but they cannot be used properly, as the brain gets 
no information as to what they are doing except through the eyes. 

The spinal cord consists of a central core of nerve-cells, called the 
grey matter, surrounded by millions of fibres mostly running length- 
ways, and called the white matter (Fig. 30). Botli include a scaffolding 
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of supporting cells. Between each pair of vertebras a nerve leaves the 
spinal canal on each side. It enters the spinal cord by a dorsal and a 
ventral root. The ventral root fibres go to muscles and glands, and are 
only traversed by impulses going outwards. The dorsal root consists 
of fibres carrying impulses from receptor organs to the cord. So if a 
dorsal root is cut we lose the capacity for feeling with a certain area of 
the skin, while injury to ventral roots leads to paralysis of muscles. 
But most nerves contain both sensory and motor fibres, so when a 
nerve is cut both movement and sensation are lost in the area which it 
supplies. The separation of the roots serves to bring all the sensory 
fibres to one cell area within the cord, all the motor fibres to another. 

A nerve’s only function is to conduct, but the spinal cord not only 
conducts impulses to and from the brain with its fibres, but gives rise 
to reflexes by means of its nerve-cells. This is shown by what happens 
when it is divided. If a man breaks his spinal cord in the neck, he dies 
because his breathing muscles are cut off from the brain, and get no 
nervous impulses to make them work. If it is broken lower down he 
may live for some time. He has absolutely no feeling in the parts of 
his body and no voluntary control over the muscles whose nerve sup- 
ply comes from the part of the cord below the break. But if we 
examine him six months after the accident we find reflexes occurring 
in the lower part of his body. If, for instance, we pinch his foot it is 
drawn upwards without liis knowledge or will. If the lower part of 
the cord is destroyed or the nerves to it cut, all reflexes cease. A great 
deal has been learnt about nervous activity from tlie study of spinal 
reflexes. They are easily studied on the carcass of a frog whose brain 
has been destroyed by poking a blunt wire into it from behind. If we 
irritate its skin its hind leg scratches near the place irritated, but its 
responses are clumsy, and it does nothing without some fairly violent 
stimulus. 

Provided they are in nervous connexion with the brain or spinal 
cord, the muscles of a limb are never quite flabby. They are mosdy in 
a state of gentle but steady contraction or ‘‘tone,” so as to keep the 
limb in a definite posture. If then the knee is to be bent, as the flexor 
(bending) muscles of the thigh contract, its extensor muscles must 
relax. If they relaxed too little or too slowly there would be a strain 
and a waste of energy. If they relaxed too quickly or completely the 
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movement would proceed too far, and the knee joint might be dis- 
located, Exactly the same applies elsewhere. Almost every muscle in 
the body, those of the trunk, jaws and eyes, as well as the limbs, has an 
antagonist, and arrangements must be made for one to relax as the 
other contracts. As there are no inhibitory nerves to striped muscles, 
this can only be done by inhibiting or switching off the activity of 
those cells in the central nervous system which are sending impulses to 
the muscle which has to relax. 

Fig. 30 gives an idea of some of the connexions concerned in a sim- 
ple spinal reflex. An impulse enters the cord through a fibre in a dorsal 
root from a pain spot in the foot. The fibre divides and its branches 
end near nerve-cells in the grey matter. One of these cells is represented 
sending a fibre to a flexor muscle of the knee, another sends a fibre to 
an extensor. When the pain spot is stimulated the impulses passing 
along it cause more nervous impulses to be generated in the cell con- 
nected with the flexor muscle, less in that connected with the extensor, 
so the knee tends to bend, and the foot to be withdrawn. Actually 
tilings are far more complicated. Stimulation of a single pain spot 
will only cause movement after a long time or never, and, if move- 
ment occurs, hundreds of nerve-fibres will be conducting impulses at 
once. To get a prompt movement one must stimulate a number of 
spots or fibres from them at once, as when one treads on a hot coal. 
Though the type ofcoimexion shown in the figure has actually been 
observed with the microscope, in most reflexes the excitation has to 
pass tlirough several neurons before it reaches the cell whose axon is 
the nerve fibre to the muscle or other effector. 

We must now study the function of the spinal cord in conducting 
nervous impulses in both directions between the body and brain. In 
a mixed nerve like the sciatic in the thigh, all sorts of fibres with 
different functions run together. Some are carrying impulses to the 
muscles, others from the skin and deep receptors. As they enter the 
cord they are sorted out according to which way they conduct, and 
later on a further sorting process occurs. For example, the impulses 
which on reaching the brain give rise to sensations of temperature, 
run up the spinal cord by a different path from those which give rise 
to sensations of touch. 

These paths have been located by several different methods, which 
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have also been applied to the study of the brain itself. First, symptoms 
are observed in patients, and after their death local injuries of the 
spinal cord due to splinters of metal or bone, burst blood-vessels, or 
tumours, are found. When the same symptoms are observed in 
another patient they can often be relieved by the surgeon owing to 
the knowledge so gained. To refuse leave to examine the body in 
such a case is to condemn someone else to die with those symptoms. 
Again, after destruction or division of some parts of the nervous 
system one can observe with the microscope the death and degenera- 
tion of groups of nerve fibres. Now we know that when a fibre is 
divided, only that part dies which is separated from the cell body and 
nucleus of the neuron to which it belongs. So we can discover in 
which direction the cell bodies of any bundle of fibres lie. But in the 
central nervous system the long fibres always conduct nervous 
impulses away from the nucleus, so we discover the direction in 
which nervous impulses run in the fibres we have cut. Finally, we can 
try the effect on an animal of cutting or stimulating some part of its 
nervous system. (The lower parts of the system will still work after 
the animal has keen made unconscious by an anaesthetic or by remov- 
ing its cerebrum.) By such methods we can distinguish five main 
pairs of ascending fibre tracts in the human spinal cord, besides numer- 
ous smaller groups. Two of these go to the cerebellum, and their 
injury does not affect consciousness, but causes unsatisfactory move- 
ments and postures, the brain being without information as to what 
the muscles are doing. Two of them send impulses only to parts of 
the brain concerned in consciousness. One serves both purposes. 

Before we study the functions of the brain it will be convenient to 
deal with the special sense organs in the head which communicate 
with it direcdy and not through the cord. The organs of the chemical 
senses, taste and smell, are found in the mouth and nose. They work 
together, and much of the sensation we commonly regard as taste 
includes an element of smell. W^ith the eyes and nose tightly shut, 
taste will not distinguish an onion from an apple. The taste organs 
mostly He an the papillae which roughen the upper surface of the 
tongue. There are four elementary kinds of taste, namely: salt, sweet, 
sour and bitter. Other tastes are combinations of these. Each ele- 
mentary taste has different end organs. Thus, we taste sweet things 
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best with the tip of the tongue, bitter with the back. 

The end organs of smell are a little patch of about one quarter of a 
square inch of yellow epithelium at the top of the internal cavity of 
the nose. The corresponding area in a dog is ten or more square inches, 
in a large shark 24 square feet. In man, smell is an unimportant, almost 
vestigial sense, but in the dog and many other animals it is the most 
important of all. So the dog’s world is mainly a world of smells. But 
even in man it is the most delicate of the senses. We can smell mercap- 
tan* at a dilution of 1 milligram in 20,000,000 litres of air. As about 
1 cubic centimetre at a time is in the olfactory part of the nose, this 
means that we are affected by one twenty-thousand-millionth of a 
milligram, whereas the smallest object we can see with the naked eye 
is about a million times as large. In ordinary breathing most of the air 
goes past the olfactory cavity. In sniffing, some is sucked into it. No 
satisfactory classification of smells has yet been made. 


* A product of decaying flesh. 



CHAPTER SIX 


THE NERVOUS SYSTEM (contd.) 

rr-iHE EXTERNAL EAR, wHch is Only found in mammals, is oflittle 
± use to man, though some beasts can turn it so as to collect sound. 
In the internal ear, which Hes in the thickness of the skull wall, are the 
organs ofhearing and balancing. The ear-drum (Fig. 31) lies across a 
passage leading from the outside to the throat, and corresponding to 
the first gill-slit of a fish. The inner two-thirds of this passage are called 
the Eustachian tube, and serve to equahze the pressure on the two sides 
of the drum. If it is blocked by a cold the pressure becomes unequal, 
the drum is too much stretched to vibrate properly, and deafiiess 
results. The internal ear hes in a long “labyrinth.” The organ ofhear- 
ing consists of a tube called the coclilea, coiled hke a snail’s shell; that 
of balance consists of three “semicircular canals” and two smaller • 
cavities, all communicating and filled with fluid. They are surrounded 
by further fluid which separates them from the skull (Fig. 6). 

The drum is set in motion, like the diaphragm of a telephone 
receiver, by sound waves in the air. It transmits this motion through a 
chain of three small bones to a membrane covering a tiny oval window 
in the bony labyrinth. The bones serve to concentrate the energy from 
the drum on to the window, which is one-thirtieth of its area. This is. 
necessary if air movements are to be transmitted to a watery fluid,, 
which, being denser, is harder to move. When the oval window is 
pushed in another membranous window (Fig. 31) bulges out, and it 
is clear that the sound waves in the fluid must travel between foppi 
The only path lies through the hearing organ in the cochlea. This; 
includes a series of about 10,000 fibres (not nervous) of varying length 
and probably of varying tension, stretched across the tube of the 
cochlea, and joined by a fine membrane. Several fibres from the audi- 
tory nerve end in receptor organs on each of them. It seems that each 
will vibrate to one note only, Hke a wire in a piano. If we play a chord 
loudly near a piano, the wires corresponding to the notes start vibrat- 
ing. Similarly in the cochlea each fibre responds to one note and 
excites the corresponding fibres in the nerve. Very pure musical notes; 
only excite few fibres, but generally they are accompanied by ovcr- 
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tones which give them their timbre, and excite the coclilea in several 
places. In ordinary noises and the vowels of speech the mixture of 
tones is still more complicated. Thus every sound is translated into a 
scries of impulses travelling to the brain along a certain number of 



Fig. 31. Diagram of the human ear. A, outer ear; b, middle ear; c, inner 
ear. 1, the ear trumpet (pinna). 2, external ear passage (meatus) running 
to 3, the car-drum (tympanum). On the inner side of this is the middle 
ear, containing air, and communicating with the cavity of the mouth by 
the Eustachian tube, 7. It contains the three auditory ossicles, 4, 5 and 6, 
which transmit the vibrations of the drum to the membranous window, 
to the right of 6, in the waH of the inner ear. The inner ear is entirely 
embedded in bone. It contains a fluid, the perilymph; this surrounds the 
‘'membranous labyrinth,’* 8, 9, 10, a series of membranous organs con- 
taining another fluid, the endolymph. 8, the utricle with the three 
semicircular canals arising from it; the organ of balance. 9, the sacculus, 
leading to 10, the spiral cochlea, the organ of hearing. Above 11 is a 
second membranous window which is pushed outwards when the first 
window is pushed inwards, and vice versa. 

fibres of the auditory nerve, and we judge of the quality and intensity 
of die sound according to which fibres are excited, and how frequendy. 
Its direction is judged mainly by the different intensities with which 
the two ears are excited. 
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The balancing organ consists of two parts. Two of its cavities con- 
tain tiny lumps of calcium carbonate called otoliths,* which are sup- 
ported by “hair-cells” in which nerve fibres end. According to the 
fibres excited at any moment by the otohth pressing on the corres- 
ponding hair-cells we judge what objects are vertical, though here we 
are helped by our other senses. If we lean our head the otohths roll on 
to a new set of hair-cells, a new group of fibres is excited, and we alter 
our opinion as to what line in our head is vertical. The reflexes excited 
by these organs are more important than the sensations. If an accelera- 
tion of our body, as on a swing or merry-go-round, moves the otoliths 
from the bottom of their cavities, we get a false idea of what is vertical, 
but we perform the right reflexes, and lean so as not to fall. The 
otoliths in fact behave like plumb lines in our heads. Even such simple 
animals as jelly-fish have otolith orgatis to enable them to swim the 
right way up, and they are generally found in animab which have to 
balance. Some shrimps put particles of sand into these organs with 
their claws when they moult. If given iron filings they put these in 
instead. When a magnet b now held over them, the filings press 
upwards, not downwards, and the shrimps s-wim upside down! 

On each side one semicircular canal b horizontal, and the other two 
are in vertical planes at right angles. If we spin round, the fluid in one 
or more of them is left behind (like the water in a glass which we spin 
suddenly) and therefore moves relatively to the head. In doing so it 
presses onmicroscopic “hairs” projecting from cells, and excites nerve 
fibres running to the bram. After we have spun for some time the 
fluid moves with the head (as does the water in the glass), and goes on 
moving after the head has ceased to spin, giving the illusion that we 
are spinning the other way. In ordinary giddiness in a horizontal plane 
.there are rapid reflex movements of the eyes which can easily be seen 
in others, and make things appear to spin round us. These reflexes are 
of great value in ordinary life as they keep the direction of our ga^f 
fixed when we turn our heads quickly. We can become giddy in a 
vertical plane by turning round with the forehead or ear resting on a 
stick, and then raising the head. The violent reflexes of the limb and 
trunk muscles, which normally keep us from falling, now rnakp us 

♦ Statoliths* or concretions concerned with balance, would be more correct ; but the term 
otoliths is stiE generally used in human physiology. 

M.S.T. — B. 
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fall. In fish the hearing and balancing organs are a specialized part of 
a system of canals tinder the skin and opening by occasional pores, 
which enable the fish to appreciate movements of the water round it, 
and its own movements relative to the water. 


X 

I 



Fig. 32. Diagram of a horizontal section through the right eye of a man. 
The lens and iris separate the anterior chamber (filled with aqueous 
humour) from the posterior chamber (filled with the jelly-like vitreous 
humour). Tlic shape of the lens can be altered by the ciliary muscle pulling 
on the suspensory ligament. 

The eye is enclosed in a tough capsule, transparent in front only, 
and pierced behind by openings for nerves and blood-vessels. It can 
be turned by six muscles which run between its capsule and the skull. 
A section from front to back (Fig. 32) passes dirough the following 
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structures: (1) the -window or cornea; (2) a chamber containing a 
w^ery fluid; (3) the iris, a ring of muscle, with pigment to keep out 

ght, which regulates the amount of light reaching the back of the 
(^) lens, a homy body whose shape can be slightly altered; 
(5) a chamber fill in g most of the eye and containing a transparent 
jelly; (6) a fine membrane, the retina, which consists of several layers 
of nerve cells, and is sensitive to light; (7) a layer of cells containing 
dark pigment, which acts like the black lining of a camera, and pre- 
vents light which has once entered the retina from being reflected; 
(8) the tough wliite coat which envelops most of the eye, and helps,' 
•with the aid of the internal fluid pressure, to keep it to a definite shape.' 

The general sttucture is like that of a camera with its lens, dia- 
phragiii,aiid sensitiv e film jand the cornea and lens have sucK refractive 
indexes and curvatures that the images of external objects can be 
accurately focused on the retina. The image is upside down and right 
side left. If we shut the right eye, and press the outside of the left eye- 
ball through the eyelid, we see a dark spot with a bright border well 
out to the right or against the nose, which appears to move up as we 
move the pressing point downwards. We are stimulating the part of 
the retina used for looking out to the right. 

The focus of the eye is altered in birds and cold-blooded vertebrates 
by moving the lens bodily backwards and forwards as in a camera. In 
man and other mammals, however, the lens is fixed, but its shape 
be altered. When we wish to look at an objea near to us a circular 
muscle round die lens contracts, and it becomes more nearly spherical. 
The rays of light are therefore more bent in passing through it, and 
brought to a focus on the retina. If this muscle is not contracted they 
come to a focus behind the retina, and we see indistinctly. When we 
look at distant objects the directions of gaze of the two eyes are parallel, 
but when we look at a near one they have to be converged by the 
muscles which move the eyeball from outside, or we see double. The 
impulses coming to the brain from the eye muscles help us to judge 
distance accurately. This is why it is very hard to hit a near object 
accurately from the side with one eye shut, as any one can easily prove 
for himself. 

If the focusing of the eye goes wrong it can often be corrected by 
spectacles. When the eye is too long the rays firom distant objects con- 
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verge in front of the retina, and we are near-sighted. This is corrected 
by using concave lenses. If the eye is too short the rays from near 
objects converge beliind the retina, and long sight results, necessitating 
the use of convex lenses for reading and fine work. If the cornea is 
curved in one direction than another, like the boivl of a spoon, 
we cannot focus two perpendicular intersecting lines at the same time. 
This condition, which is called astigmatism, can be remedied by using 
lenses one side of which is a segment of a cylinder. 

The iris contracts if strong light is flashed on to the eye, and expands 
in the dark, thus shielding the retina from too sudden changes. The 
microscopic receptor organs in the E^tina are called the rods and cones, 
from their shape. The rods are used for seeing in the dark, and do not 
distinguish between colours; the cones for vision in daylight. The 
diameter ofa cone is about 2 '5 fi,or 1/400 of a millimetre, so that there 
are over fifty million in each retina. W e cajjnot distinguish tw o obj ects 
if their images fall on the same cone, as happens if the angle subtended 
by them at the eye is much less than a minute'(the angle subtended by 
a halfpenny at 100 yards), however good our focusing may be. There 
is one spot on each retina, called the yellow spot, on which we focus 
the object at which we are looking. Vision is most accurate here in 
hght (but not in darkness), and becomes dimmer as we pass away 
from it, until with the edge of our retina we cannot tell the form or 
colour of tilings, though we can see if they are moving. On one side 
of the yellow spot the nerves and the blood-vessels enter the eyeball 
and there are no rods or cones, so vision is absent here, since the optic 
nerve is no more sensitive to light than any other nerve. The existence 
of this blind spot can be demonstrated by putting two small objects 
such as halfpence on the table at a distance of about six inches and 
equidistant from the body. On shutting the left eye and looking 
fixedly at die left-hand object, meanwhile gradually approaching the 
head from a distance of a yard or so, the right-hand one will disappear 
when about two feet away. This fact interested Charles the Second, 
who used to amuse himself with it until he grew so expert that he 
could “take off” the heads of his courtiers. 

The retina contains two layers of nerve-cells besides the rods and 
cones, and many fibres, the last relay of which runs into the brain as 
the optic nerve. Compared with the ear, the eye is much better at 



THE NERVOUS SYSTBVl 215 

judging the direction of the waves which stifiulate it, but is sensitive 
to a much smaller range of wave-lengths. T 4 e.lona^<it wave-length 
that we can see in the red is about 0*0008 li^hmetres (0*8 /U.), the 
shortest in the violet about 0*0004, so we can duly perceive a single 
octave of the possible vibrations, the shorter invisiye ones being ultra- 
violet and X-rays, the longer heat and “wireless.** Qn the other hand 
we can perceive soimd waves from 20 metres down to alDoitr^mti- 
metre in length, a range of eleven octaves, seven of which are used in ‘ 
music. Moreover, the ear is better than the eye at analysing mixed 
vibrations. It is easy to analyse a chord into two or three notes, but we 
cannot tell without a spectroscope whether a given yellow is pure or 
due to a mixture of red and green light. 

Many animals have eyes working on quite a different principle 
from ours, namely, built of Uttle units each looking out in one direc- 
tion (Plate 20 (ii) ), just as each of our “cones” receives hght from one 
direction only. Hearing organs are found in a few insects, often in 
their legs or bellies, and are provided with drums and hair-cells similar 
to our own. 

We must now consider the brain (Fig. 33). The human brain is 
built on the same plan as the frog*s (Fig. 7), but one part of it (the 
cerebrum) has grown in man and related animals to Le much larger 
than the rest. It is on this part that the main differences between the 
behaviour of a man and a frog depend. We shall first consider the 
lower parts of die brain, which are not so very different in the two 
species. As the spinal cord enters the head it expands into the medulla 
oblongata, in wHch there are nerve-centres governing the involuntary 
activities of the body. For example, if an animafs head is cut off and 
the blood-vessels of the neck tied to prevent the loss of blood, it will 
not breathe, nor if we obstruct its aorta will the heart slow down. 
But if only that part of the brain above the medulla oblongata is 
destroyed, both these processes continue, though the breathing is 
clumsy. The medulla also regulates such functions as digestive secre- 
tion, including salivation; movements of the digestive organs, such 
as peristalsis and vomiting; and a number of reflexes in the circulatory 
system to be described later. 

The involuntary muscles and glands concerned are controlled 
through the autonomic or involuntary nervous system. This consists 




the fissures as black lines. Behind and below it (coarsely shaded) is the cere- 
bellum; in front of this is part of the medulla oblongata. The cerebrum 
conceals all the other parts of the brain. The medulla is continued downward 


as the spinal cord. Motor areas: 1, toes; 2, foot; 3, calf; 4, thigh; 5, belly; 


6, chest; 7, back; 8, shoulder; 9, upper arm; 10,fofe-arm; 11, wrist; 12, fingers; 
13, neck; 14, eyelids; 15, cheeks; 16, jaws; 17, lips; 19, eyes; 20, tongue. 
Sensory areas: On and in front of the above motor areas; also 21, hearing; 
24, vision; 18, areas concerned in co-ordination ofspeech muscles in left-handed 


person; 22, 23, areas concerned in speech and thought, particularly in left- 
handed person (see p. 221). (After Huxley and Herrick.) 
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of two parts: sympathetic (Chapter One) and parasympathetic. 
The latter system is composed of the vagus nerve which runs down 
the neck from the medulla, and supplies the chief involuntary organs 
iSrom the thyroid gland down to the beginning of the large intestine; 
a few small nerves to glands and involuntary muscles in the head; and 
some nerves leaving the lower end of the spinal cord for such organs 
as the large intestine and urinary bladder. 

There are two fundamental differences between involuntary and 
voluntary motor-nerves. The latter run straight to their destination, 
the former end in a ganglion where each excites one or more nerve- 
cells from which fibres nm on to the muscle or gland. Also a single 
nervous impulse down an involuntary nerve has no effect. Several are 
needed to excite the rather sluggish organs which they supply. Most 
viscera get fibres both from the sympathetic chain and the parasym- 
pathetic system, and the two systems are generally antagonistic. Thus 
stimulation of die vagus slows down the heart, while the sympathetic 
speeds it up. The vagus makes the stomach and gut move and secrete 
their juices, while their sphincters such as the pylorus relax; the sym- 
pathetic diminishes their movement, secretion and blood supply, and 
tightens their sphincters. In other words the one promotes, the other 
hinders digestive activities. During violent exercise impulses pass 
down from the brain to the heart and gut; these set the heart beating 
faster and stronger, drive blood out of the vessels of the gut, and slow 
I down the guf s movements. The autonomic nerve trunks also contain 
afferent fibres, but not very many, as the brain does not need very 
detailed information about events in the viscera. 

Most of the nerve-fibre groups in the cord pass through the medulla, 
though some of the ascending ones end round neurones there whose 
axons pass on to higher parts of the brain; so that the medulla acts as a 
relaying station for the impulses which they carry. In the medulla, 
too, most of the fibre tracts to and from the higher part of the brain 
cross to the opposite side of the body. Hence the left side of the brain 
is concerned with nervous impulses to and from the right side of the 
body. The paths to and from the cerebellum, however, are mainly 
uncrossed. 

Above the medulla lies the mid-brain. This contains the nerve-cells 
whose axons form the motor-nerves to the eye muscles, but its most 
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important functions seem to be in connexion with posture. If in an 
animal all the brain above the mid-brain is destroyed, it goes into a 
rigid state with the legs thrust out and the tnmk stiff as in standing- 
just as the spinal cord alone or along with the medulla will organize 
reflex muscular movements, so with the mid-brain in addition reflex 
posture is possible. Thus a “decerebrate’’ animal, i.e., one in which the 
cerebral hemispheres have been removed, though unconscious, can to 
some extent adjust its standing posture. If its head is bent down, it 
bends its forelegs, and so on. Similarly, if in a man the nervous path- 
ways from the cerebrum are destroyed, certain groups of muscles can- 
not be moved voluntarily, but remain contracted in a state called 
spastic paralysis so long as the brain-stem is acting on them, whereas, if 
the injury to the nerve paths is lower down, the same muscles are 
equally paralysed, but flabby. 

Behind this part of the brain is the cerebellum, an organ with several 
layers of nerve-cells on its outside, and a few large groups of cells 
inside, all connected up by numerous nerve-fibres which run between 
them and to other parts of the brain. When it is damaged there is no 
loss of sensation or power of thinking, but tliere is a loss of muscular 
tone, and a great dealofjerkiness and inco-ordination of movement. 
It bears the same relation to the proprioceptive system as the cerebrum 
to die exteroceptive. AU the impulses from muscles, tendons, joints 
and labyrinth are co-ordinated there so that in a movement or posture 
the right muscles may be contracted to the right extent at the right 
moment. The rest of the brain without it is Hke a general who gets 
inadequate reports of the movements of his own troops. If a man with 
cerebellar disease tries to grasp an object, he moves his hand in a series 
of jerks and grasps in the wrong place. 

Above these organs is the cerebrum, which, in man, but not in other 
animals, is many times larger than the rest of the brain. The human 
cerebrum contains more than a thousand million nerve-cells each con- 
nected by fibres with scores or hundreds of others (Fig. 34), so we can 
get some idea of its complexity by imagining a telephone exchange in 
which the whole human race were acting as operators. The main mass 
of nerve-cells lies on the outside, and this “grey matter” is folded to 
increase its area. In the middle, at the top of the brain-stem, are two 
masses of nerve-cells called the optic thalami, into which run the optic 
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Fig. 34. Microscopical section of part of the human cerebral cortex (from an 
infant), to show the nerve-cells and their interconnecting processes (in black). 
1“7, cell layers with different characters. 
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nerves and also fibres from below whicb. carry up impulses from all 
the other sensory nerves on the opposite side of the body. A child bom 
without cerebral cortex but with thalamus lived for three years with- 
out showing as much signs of consciousness as a normal baby a few 
days old. On the other hand a dog without cerebral cortex can walk 
about, though it runs into obstacles; but it shows no signs of recogniz- 
ing anything, and food has to be placed in its mouth before it will eat. 
Judging from cases of disease in man, a dim kind of consciousness 
seems to be associated with the thalamus. When all the paths leading 
upward from it on one side are destroyed, the sensations on the 
opposite side of the body are abnormal. Light touch is not felt, but a 
slight scratch is felt as a horrible pain which cannot be localized, and 
the touch of a warm botde as a huge pleasure. The more complicated 
senses, such as vision, are not represented in the thalamus, though it 
acts as a relay for visual impulses. 

Different parts of the cerebral cortex have very different functions, 
and about half of it has been properly mapped out as regards its func- 
tion (Fig. 33). Gende stimulation of certain areas gives rise to move- 
ment, generally of muscles on the opposite side. This is always fairly 
well co-ordinated, i.e., a number of muscles work together, as is the 
case in voluntary action. The size of the area devoted to a group of 
muscles depends on the complexity and dehcacy of the movements 
required of them. Thus the tongue has a cerebral area as large as the 
whole trunk, and the eye muscles an area about a third as large as all 
the other muscles put together. When a motor area is irritated, as by 
a splinter of bone or a small tumour, a special type of epileptic fit 
results, in which the involuntary muscular movements begin in the 
muscles governed by the irritated area. A knowledge of cerebral 
localization renders a surgical cure of fits of this kind possible. When 
part of the motor area is destroyed the corresponding muscles are 
paralysed, though later on other areas may partially take its place, and 
some volimtary control return. In front of some parts of the main 
motor area, especially on the left side, is a region whose injury in man 
causes, not paralysis, but a failure of the more complex movements, 
such as those involved in speaking and skilled manual operations. 
Finally, we must remember that when we are ‘‘doing nothing” the 
cortex is all the time inhibiting the postural centres in the brain-stem 
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firom producing rigidity, so that a voluntary movement may some- 
times merely be a stopping of this inhibition. 

The main motor area and the region just behind it constitute the 
sensory area for all the senses except the special senses of sight, hearing, 
taste and smell. It is gradually being mapped out, and war injuries 
gave us a great deal of information. The sensory area for each part of 
the body includes the corresponding motor area and an area behind 
it The hands have a very large proportion of the whole. 

If the brain is injured a Httle behind the sensory area, the sensations 
are still felt but cannot be put together. For example, a man can state 
just what part of his hand is being touched, and whether any finger 
is bent or not, but he cannot say what sort of object he is holding in 
his hand. This part of the brain is therefore concerned in putting 
sensations together and interpreting them. 

The optic nerves join before reaching the brain, and half of each 
crosses over, so the left side of the brain gets fibres from the left side 
of each retina, both of which look out on the right. So if the left visual 
area is destroyed a man can see nothing to his right with either eye. 
Similarly the dijfferent parts of the field of vision are represented on 
the visual area. If the visual areas of the brain are destroyed a man is 
quite blind, but may retain a good deal of visual memory; but if the 
neighbouring areas are destroyed, this too is lost. 

In thought and speech a great many parts of the brain are employed 
at once. Thus to understand fully the meaning of the word apple we 
require memories of sight, hearing, smell, taste and touch, and the 
power of co-ordinating them. Some parts of the cortex are supplied 
entirely with fibres from other parts and clearly serve as centres for 
association and co-ordination. We are gradually finding out the func- 
tions of these parts by studying the effects of wounds and the degenera- 
tive changes found in the brains of the insane. In right-handed people 
the left cerebral hemisphere generally contains the main speech centres 
(and vice versa); injury of a large area of this will cause failures in 
speech, and in the thought behind it. According to the part injured 
tibcre may be a mere slurring of words with apparently fairly clear 
thought, an inability to remember the names of things, or a failure to 
construct sentences and to think out problems. But the co-ordination 
of the brain cells is less xmderstood than that of other organs, to which 
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question we shall turn in the next chapter. We can only emphasize the 
very important part played by inhibition, that is to say, the checking 
by one part of the brain of the activities of another part. In the spinal 
cord one reflex can inhibit another. For example, in a decapitated 
animal a stimulus, which would be painful to an animal with a head, 
at once inhibits reflex scratching movements. Voluntary attention 
means an inhibition of all our mental activities but one, and resistance 
to temptation is an inhibition of our more primitive activities, such 
as eating or losing our temper. 

Many pathways are known for nervous impulses from the brain 
down the cord to the motor-cells in its grey matter whose axons form 
motor-nerves. One leads from the motor areas of the cerebral cortex 
to the opposite side of the cord, and is concerned in voluntary move- 
ments. Others descend from the mid-brain, which is under the influ- 
ence of the cerebellum, to the opposite side of the cord, and are mainly 
concerned with posture and muscular tone. Another leads from the 
medulla, and is concerned with rapid reflexes to stimulation of the 
labyrinth, i.e., to keeping one’s balance. 



CHAPTER SEVEN 


ORGANIC REGULATION 

T he nervous system serves to co-ordinate the activities of die 
different organs to some extent, but it is not in itself essential for 
the life of the tissues. A leg will live for years without nerves, but only 
for an hour or less without blood or some artificial substitute for blood. 
The cells in a higher animal are like skilled workmen, very efficient 
at their ownjob, but not at other jobs. Thus a single cell in hydra may 
serve for protection, be sensitive to external stimuli, contract when 
stimulated, pass on excitation to its neighbours, and perhaps secrete 
mucus, but in none of these ways will it act as efficiently as the various 
cells of a mammal, each of which performs one of these special 
functions. 

The latter are enabled to speciahze largely because they have a 
nearly constant environment, constant in chemical composition and 
temperature, and do not spend any energy in adapting themselves to 
change in it. This environment is supplied by the fluid part of the 
blood. In this and the next chapter we shall consider some of the 
factors in the internal environment, and how they are kept steady or 
adapted to new conditions. Most of the general symptoms of disease 
are due to upsets of the internal environment. 

Each organ must have food, oxygen, and a means of getting rid of 
waste products. But this is not all. It must have them in the right 
amounts. Too much oxygen is just as deadly as too little. And it must 
also have in the right amounts other substances which it does not use 
for work or repair. An animal dies if we halve or double the amount 
of potassium salts in its plasma, though it does not turn potassium salts 
into anything else. So these too have to be kept steady. Further, an 
organ may need different amounts of a given substance at different 
times. If a muscle suddenly starts work, its Og-consumption and COa- 
production increase about fifty times. It was already using most of the 
oxygen in the blood which passed through it, so it must increase its 
blood supply correspondingly. When it is at rest about five out of 
every six of its capillaries are shut. When it begins to contract these at 
once open and the others open wider. The small arteries also open 
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TOder. In a restmg muscle they are kept almost shut by the slight 
^ahmty of the blood, and also probably by the presence of oxygen 
Now if we cut the leg off a recently killed frog and run fluid through 
the blood-vessels, they wiU open up if this fluid is not sufficienly 
alkalme, or is short of oxygen. Just the same thing happens when a 
muscle contracts or a gland begins to secrete. The flows from the 
blood and CO, is poured into it, making it acid; the blood-vessels 
and widen, md the organ obtains an adequate flow of blood 

SSl^Ss efecf probably co-operate in pro-' 

But when my Imge organ opens up its vessels the arterial pressure 
would faU unless the heart pumped harder. The other organs would 
men go short of blood. We must therefore study the working of the 
heart. Like other involuntary muscles, it wffl work without any 
nervous control. If we take the heart out of a recendy dead animol or 
man, and supply it with warm blood or an appropriate salt solution 
containmg oxygen, it begins to beat again and may go on for many 
hours. Even an isolated piece of it will beat. In a mammal the beat 
starts at the enttance of the great veins to the right auricle in a special 
piece of tissue ^own as the “pacemaker,” which does not contract 
but stimulates the neighbouring muscle. If we warm the pacemaker, 
t e whole heart beats faster; ifwe destroy it, the heart first stops, then 

begins to beatataslowerpaceofits own. The auricles contract almost 

mstantaneously when stimulated by the pacemaker, but they are only 

connected^ththeventridesbyanarrowbridgeof conducting tissue 

m which the wave of excitation is delayed for about one-tenth of a 
second and then passed on almost simultaneously to aU parts of the 
vmtncles. If the bridge is damaged, as in some forms of heart disease, 
me ventnde may only respond to every second or third beat of the 
auncles. If It is destroyed they beat at their own rather slow rate, and 
cannot be speeded up. 

Now ifwe take an isolated heart, or a heart whose nerves have been 
cut, md give it m increased supply of blood, it can increase its output 
per beat but wiH not increase its rate at all. 

The rate is governed by two pairs of nerves. Of these, the vagi are 
one. It they are stimulated the heart slows down; if they are cut it 
speeds up, showing that they are normally acting as a brake on it. 
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mamly through the pacemaker. The other pair, called the accelerators, 
come through sympathetic ganglia from the spinal cord. Stimulation 
of them speeds up the heart. Both pairs are governed by the same 
centres in the medulla oblongata. 

If the blood supply to the heart is increased, the great veins and 
auricles are distended, and receptor organs in their walls send impulses 
up to the brain which result in the vagus brake being slackened by a 
reflex action; and if the stimulus is sufficient, the accelerators are set to 
work. Hence, when more blood reaches the heart from the open 
vessels of an active muscle, it increases its rate and force. 

Another set of reflexes keep the arterial pressure steady. A pair of 
nerves called the depressors run from receptor organs in the aorta to 
the medulla oblongata, which they enter with the vagus. If the aorta 
be distended by an abnormally high blood pressure, impulses run up 
them to the medulla. The reflex response to this is a slowing of the 
heart by the vagus and an opening of small arteries. The opposite 
occurs if the aortic pressure falls. There is also a pressure gauge in the 
brain itself If pressure is put on the brain from outside, for example, 
by a clot of blood under the skull, its vessels will collapse, and the 
brain will force the heart to raise the arterial pressure till they open up 
again. In this way the arterial blood pressure is kept steady, so that any 
organ can obtain the blood supply it needs by opening up its blood- 
vessels. 

But the brain does not allow an indiscriminate competition between 
different organs for blood supply. The arteries as well as the heart 
are under nervous control. A series of nerves called vasocon- 
strictors run in the sympathetic system to the smooth muscle of the 
arterial walls. The vasoconstrictors come mto play in circumstances 
which affect the body as a whole, such as change of posture, or violent 
exercise. When a man gets up after lying down the blood tends to 
flow mto his belly and legs, and this is prevented by the contraction of 
the arteries of these parts, under impulses from the vasomotor centre, 
which lies near the heart-regulating centre in the brain. If he has been 
in bed some days the vasomotor centre is out of practice and his brain 
runs short of blood, so that he becomes dkzy and may faint. 

If there is a great deal of blood in the guts and skin, as when we are 
sitting before the fire after a heavy meal, this may even happen on 
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Fig. 35, Diagram of a microscopical section 
through the human skin. The ectodermal 
part or epidermis consists of undifferentiated, 
actively dividing cells below (Hm), which 
gradually become changed into homy plates 
(Ec). It also gives rise to tubular invaginations, 
the sweat glands, one of which is seen at gl, 
with its duct (d). The mesodermal part or 
dermis consists of connective tissue (Dc) with 
blood-vessels (v) and nerves {«), some of the 
latter leading from touch organs (tc). It also 
contains fat ceils (J), No hairs or sebaceous 
glands are shown in the section. (Huxley, 
Lessons in Elementary Physiology, 1915.) 
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getting out of a chair. Again, during muscular exertion the arteries to 
the guts contract, and digestion has to stop. 

The vasoconstrictor nerves are also excited by chemical stimuH to 
the brain. If we are throttled or breathe very impure air, the CO 2 of 
the blood goes up and the Og down. The vasomotor centre then nar- 
rows down all arteries except those to the heart, lungs, and brain, and 
the blood pressure rises. These three essential organs must have an ade- 
quate supply of oxygen, whatever else goes short. The other organs, 
if left to themselves, would open up their vessels, but in a general 
emergency they are not allowed to do so. The heart is also speeded up. 

There are also vasodilator nerves. For example, when a dog gets hot 
the vessels in its tongue are opened up by a special nerve. Moreover, 
many of the nerve-fibres whose stimulation causes pain send branches 
to the local blood-vessels. When a pain spot is stimulated, impulses run 
up to the spinal cord. They also run directly to the local vessels, which 
open up, causing reddening of the skin; this is almost the only reflex in 
higher animals of which the nervous path is entirely outside the central 
nervous system. 

The above are cases where an organ gets blood which is not to be 
used mainly as a gas carrier. The same occurs in an actively secreting 
gland. A salivary gland when active uses three times as much oxygen 
as when at rest. But it also needs a great deal of water to make saliva, 
and it is as a source of water rather than of oxygen that it needs blood. 
Its blood supply must go up five times, and as the ordinary chemical 
call for blood is not effective, a vasodilator nerve is used. As the blood 
supply goes up more than the oxygen consumption, the venous blood 
of the active gland is actually redder than usual. 

A much more important case of non-respiratory blood supply is the 
skin’s (Fig. 35). The human skin excretes energy just as the kidneys 
excrete matter. All the heat produced in the body has to get out, and 
seldom does more than a fifth of it get out in the breath. The remainder 
goes through the skin, and its loss is regulated in such a way as to keep 
the temperature of the body very constant. If we go into a hot room 
the same amount of heat has to be lost in a given time, but it is obvi- 
ously harder to get rid of it. If we work hard and produce more heat 
in our bodies, more heat has to be lost in a given time, though the loss 
of a given amount is no harder. In each case the skin responds in the 
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same way. Its small arteries open up and it gets red and warm. Heat 
is thus brought from the inside to the surface in large amounts and 
rapidly lost, as from the radiator of a motor vehicle. If this means of 
losing heat is insufficient, we begin to sweat. The sweat comes from 
microscopic glands under nervous control. It consists of water con- 
taining less salt than the plasma. When this evaporates the skin is 
greatly cooled, for water has a big latent heat of evaporation. Sweat 
that does not evaporate does not cool us, and it cannot evaporate if the 
air is already saturated with water vapour. So sweating is useless in a 
hot and damp atmosphere, which is therefore far more oppressive 
than a dry one of the same temperature. The ordinary thermometer 
does not tell us whether we shall be able to lose heat or not. For this 
purpose we use a “wet bulb” thermometer. The bulb is wrapped in a 
wet cloth, so that the drier the air is, the more heat it can lose by 
evaporation. It is therefore in the same position as a man whose clothes 
are soaked with sweat. If the air is saturated with water the wet and 
dry bulb thermometers have the same reading, if the air is dry the wet 
bulb thermometer may read more than 100° Fahrenheit lower. 

Men can stand dry heat far above boiling point, staying in a room 
where a steak is cooked in five minutes, and only coming out when 
their hair begins to singe. But a wet bulb temperature above 90° 
Fahrenheit is fatal, and above one of 75° Fahrenheit the capacity for 
work is lowered. We get an idea of the efficiency of sweating by con- 
sidering a man in fairly dry air at body temperature (98*5° Fahrenheit). 
He can lose no heat by conduction or convection, so it must all be 
used in evaporating water. He has to lose 3,000 kilocalories per day. 
But the evaporation of 1 litre of water at body temperature requires 
570 kilocalories, so in a day he must sweat 5-3 litres, or 9-3 pints. 
Actually many men can sweat 1 Htre per hour, and the world’s sweat- 
ing record is held by an English coalminer who lost 18 pounds (1-8 
gallons, or 8 litres) in 5|- hours. 

To make up for the loss of sweat one must drink more water and 
eat more sodium chloride than usual. Miners working in great heat 
are therefore fonder than the average man of bacon, kippers and salt. 
Many animals, such as dogs, have very few sweat glands, but produce 
a very thin saliva which they evaporate by rapid shallow breathing, 
panting with open mouth and tongue hanging out. 
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Several parts of the brain are concerned in heat regulation* They 
receive nervous impulses from the skin, and also from local organs in 
the brain which measure the temperature of the blood like thermo- 
meters. Thus, if certain parts of an animal’s brain, or the blood going to 
them, are heated, the animal begins to flush and sweat, and the rest of 
its body is cooled down. If the brain is cooled the animal shivers and 
its temperature rises. 

During adaptation to heat we cannot cut down our heat production 
except by keeping still, but when cold, besides shutting down the skin 
vessels, we first tighten up our muscles, then shiver, and finally take 
exercise. In all these ways more heat is produced. In many diseases the 
temperature rises. This is not due to increased heat production, but to 
diminished heat loss owing to perverted function of the temperature 
centres. A man whose temperature is thus rising feels very cold until 
it has reached the new level to which he is regulating. He shivers and 
complains of the draught, to which he may put down his illness. If his 
temperature falls quickly he sweats profusely and feels very hot. 

Mammals and birds have a nearly constant temperature, but other 
animals have a variable temperature, a fraction of a degree above their 
surroundings. If we warm a ‘Void-blooded” animal through about 
5° centigrade we double its rate of oxygen consumption, and aU its 
other activities. For example, it is possible to read the temperature 
within 1® Fahrenheit by measuring the distance walked by an ant in a 
minute! Cold-blooded animals cannot move quickly in winter, and 
mosdy die or rest in holes. The activities of mammals and birds are not 
slowed down, so they are the dominant animals in temperate and cold 
climates. But m hot countries, snakes, crocodiles, and so on, are able 
to compete successfully with warm-blooded animals. A few mam- 
mals, such as hedgehogs and dormice, compromise by sleeping 
through the winter at a low temperature (and therefore a low rate of 
oxidation), but they never let their temperature fall to that of their 
surroundings. 

We must now turn to chemical regulation of the composition of the 
blood and tissues. It will be convenient to begin with the gases, the 
quantity of which in the blood is regulated by breathing. 

The obvious duties of the lungs are to get rid of CO 2 and let in Og, 
and if we go into a room containing say 6 per cent of COg instead of 
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the normal 0*03 per cent, or 10 per cent of O 2 instead of the normal 
20*9 per cent, the breathing increases greatly. However, a small drop 
in the Og of the air breathed has no visible effect on the breathing, 
because the hsemoglobin is already almost saturated with oxygen at 
a pressure less than that in the lungs. So want of Og cannot be what 
normally keeps the breathing going. To find out how the breathing is 
regulated we must take the samples of air from the very bottom of the 
lungs, where it is in equilibrium with the blood. This, which is called 
the alveolar air, can be obtained at the end of a deep breath out. The 
amount of carbon dioxide in it is very constant, about per cent, 
whereas the amount of oxygen varies a good deal. If the amount of 
carbon dioxide increases by only 3 per cent of its normal value, the 
breathing is doubled; if it falls by the same amount, as after voluntary 
over-breathing, the breathing stops. The main reason why we breathe 
more during moderate muscular exercise is because more carbon 
dioxide is being produced, and this stimulates the respiratory centres 
in the brain to make the breathing muscles do more work. Thus the 
lungs have the function of keeping the COg pressure in the tissues at 
the normal level, not merely of excreting it. 

Carbonic acid seems merely to act on the respiratory centre in virtue 
of its being an acid. If another acid, such as hydrochloric, is injected 
or drunk, the breathing is greatly increased, while it slows down when 
an alkaline substance such as sodium hydrogen carbonate is taken. The 
most familiar case, however, is that of very violent exercise. When 
the muscles are working so fast that they cannot get enough oxygen 
for their recovery process, lactic acid accumulates in them and leaks 
out into the blood, from which it is only gradually removed. So after 
running a quarter-mile the extra carbon dioxide is got rid of in the 
few minutes of violent panting which succeed the race, but a small 
increase of the breathing, due to lactic acid, may persist for half an 
hour or so. During this time the alveolar carbon dioxide pressure is 
kept below normal by the extra breathing, thus compensating for the 
acidity which would otherwise be produced by the lactic acid. 

Serious oxygen-want also excites the respiratory centre. If one goes 
into air containing only about half the normal 20*9 per cent of O 2 , one 
at once begins to pant, but after a while the panting dies down, 
because a lot of CO 2 has been blown out of the body by the increased 
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breathing, and the respiratory centres have no more reason to dis- 
charge nervous impulses than before, their normal stimulus, CO2, 
being reduced in quantity. So a man who has gone into bad air at first 
pants enough to keep his blood supplied with oxygen. Then the 
breathing becomes normal, and he falls unconscious with oxygen- 
want. A candle is often a much better measure of oxygen-want than 
one’s own feelings. 

Another way in which the breathing is affected is by the process of 
digestive secretion. When the stomach secretes hydrochloric acid the 
blood would be too alkaline if carbonic acid were not kept back to 
take its place, so the breathing is sHghtly slowed down. Later on, the 
pancreas and intestine begin to remove alkali from the blood for their 
secretions, and to prevent it getting too acid the breathing has to be 
increased. These changes are too small to observe directly, but can 
easily be measured. We can get some idea of why the alkalinity of the 
tissues has to be regulated so carefully by experimenting with tissue 
or enzymes taken from them. If we take a dead organ and preserve it 
carefully from bacteria it does not putrefy. But if it is kept at body 
temperature the tissues gradually soften and are found to be digesting 
themselves. This is due to enzymes in them. The dying tissues produce 
acids, and in a sHghtly acid medium these enzymes work very much 
more rapidly than in an alkaline or neutral one. 

Thus, to prevent an organ from digesting itself it must be kept 
sHghtly alkaline. The best knownti of these enzymes is that in the Hver 
which breaks up its glycogen into sugar. A quite fresh Hver, besides 
being very tough, does not taste sweet. If it is allowed to digest itself 
for a few days it not only becomes tender, but sweet. Some other 
enzymes act more rapidly in a medium more alkaline than the normal, 
so if the reaction of the tissues is altered the normal balance between 
the different chemical processes is upset, and death may occur. 

Just as the lungs regulate the amount of gases in the blood, tie 
kidneys regulate the amount of the soluble bodies. The blood which 
passes through these organs is always altered so as to resemble an 
“ideal” blood. Thus, if there is more water in the blood plasma than 
in this ideal or standard plasma the kidney secretes an unusually watery 
urine, and the plasma of the blood in the renal vein therefore contains 
less water than the arterial blood, and resembles the standard plasma 
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more closely. If, as is more usual, especially in hot weather, there is 
rather less water in the plasma than in the standard plasma, the kidney 
secretes a concentrated urine, so the blood leaving the kidney con- 
tains more water than that entering it. The substances found in blood 
and urine can be divided into two classes. The first class includes 
almost aU foreign substances, for example, iodides, dyes, or foreign 
proteins injected into the blood. These are removed by the kidneys, 
however Httie there is in the blood. It also includes some very impor- 
tant waste products, such as urea, the substance which contains most 
of the nitrogen resulting firom protein oxidation. The rate at which 
such substances are excreted is roughly proportional to the amount in 
a given volume of blood. The second class includes most of the normal 
constituents of plasma, such as sodium, potassium, calcium, mag- 
nesium, chloride, bicarbonate, phosphate and sugar. These substances 
are only excreted if the quantity of one of them contained in a given 
volume of plasma exceeds a certain hmit, called the ‘‘threshold.’^ For 
example, the amount of chloride in the plasma is generally a few per 
cent above the threshold, and there are, therefore, chlorides in normal 
urine. But if we drink a lot of water after violent sweating, the amount 
of chloride in the plasma falls below the threshold, and it disappears 
from the urine. Normal blood contains about OTO per cent of glucose, 
a simple sugar. If a healthy man takes 100 grams of glucose the amount 
in the blood rises to about 0T3 per cent, but none appears in the urine. 
The threshold value for the kidney is about 0T7 per cent. If, therefore, 
the arrangements for storing sugar are out of order, as in diabetes, a 
dose of 100 grams will make the blood sugar rise above 0T7 per cent, 
and sugar will appear in the urine. 

Besides excreting substances found in the blood, the kidney makes 
a few substances. For example, sulphuric and phosphoric acids are 
made throughout the body by the oxidation of the proteins. The 
kidney has to get rid of these, but its cells and those of the urinary 
passages are damaged by strong acids. It therefore excretes the sul- 
phuric acid not as such, but as ammonium sulphate, which is neutral 
in reaction. But there is not enough ammonia in the blood to furnish 
all that is required for this purpose. Ammonia and ammonium salts 
are poisons when injected into the blood stream, and the hver con- 
verts almost all the ammonia reaching it into urea, which is nearly 
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harmless. So the kidney has to make its own ammonia, and the more 
acids it has to excrete the more ammonia it makes. 

The kidney is doing work like a muscle, for work has to be done in 
concentrating substances, just as in compressing gases. For example, 
to concentrate the urea in a Htre of blood into about 20 cubic centi- 
metres of urine, as the kidney does every twenty minutes or so, 
requires at least as much work as to compress a litre of gas containing 
as many molecules as there are urea molecules in the blood, into 20 
cubic centimetres. Actually the number of urea molecules in a litre of 
blood is the same as that in a litre of gas at a tenth of an atmosphere 
pressure, so the work needed is that required to compress this gas to a 
pressure of five atmospheres, i.e., 40 kilogrammetres. In order to do 
tliis work the kidney needs oxygen. Its oxygen consumption can be 
measured by determining the rate at which blood flows through it 
and the amount of oxygen lost by this blood. As a matter of fact, the 
kidney uses a good deal more oxygen per gram per minute than the 
heart, and like the heart, will increase its oxygen consumption three 
or four times if it is given work to do. 

But if we iiyect salt solution of about the composition of plasma, 
the kidney needs no more oxygen, although the volume of urine 
secreted per minute is increased. This is because it has no work to do 
in concentrating the salt, but it merely acts like a filter. If on the other 
hand we inject urea or sodium sulphate, its oxygen consumption 
increases, as these substances have to be concentrated. Other glands 
behave in a similar manner, requiring more oxygen when stimulated 
to do work. 



CHAPTER EIGHT 


THE INTERNAL ENVIRONMENT 

W E SAW THAT, among other things, the kidney was responsible 
for preventing the amount of various inorganic substances in 
the plasma from rising above fixed values, while, as will be seen later, 
other organs serve to keep them up to those values. What would hap- 
pen if the amounts of these bodies deviated from the normal? Their 
importance is shown by the extraordinary fact that an organ such as 
the heart or liver can be kept alive for many hours in a solution of 
inorganic salts which are present in nearly the same proportions as in 
plasma. For mammalian organs such a solution is: — 

NaCl, 0'8 per cent; KCl, 0-02 per cent; CaCh, 0*02 per cent.; MgCh, 
0*01 per cent; NaHCOa, 0*1 per cent. 

This solution, whose composition was worked out by Ringer, must 
be saturated with oxygen, and a little glucose may be added as a 
source of energy. Now if we leave out the various constituents, or 
increase them above the standard amounts, we shall find out what 
functions they are performing. The salts do not permeate the cells, or 
only do so very slowly, but affect their surface properties. If the solu- 
tion perfusing, say, a rabbit’s excised but still beating heart is diluted 
with water, the heart swells up and stops. It has become sodden with 
water as does the skin of the hands in a hot bath, for water runs into 
the cells and dilutes their contents. If we make the solution too strong 
the cells shrivel up from loss of water. If we replace most of the sodium 
chloride by the corresponding number of molecules of cane sugar the 
heart goes on beating. Clearly the main function of the sodium chloride 
is to prevent the cells from taking up too much water. If we leave out 
the potassium the heart goes into a state of cramp. Potassium is needed 
for its relaxation. If we leave out the calcium it stops in a flabby con- 
dition, and so on. A heart so stopped may be revived hours later by 
adding the missing salt. Other organs behave in the same way. Thus, 
if there is too much or too little calcium in the fluid in its blood-vessels, 
the kidney refuses to hold back sugar when the amount of sugar in the 
fluid perfusing it is below the normal threshold value. 

We can also observe effects of the same kind on a man or animal, 
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though here the nervous system is generally affected before the other 
organs. Thus, if a man drinks water for some hours more rapidly than 
his kidneys can get rid of it he gets cramps, and later convulsions. If 
he lowers the calcium to half its normal value he gets another type of 
cramp, and so on. 

One of die most remarkable things about the plasma salts is that 
they are nearly the same as those of sea-water diluted with water to 
about three times its volume. Such a solution would, however, among 
other things, contain too much magnesium and sulphate. Now the 
blood of marine invertebrates is very like sea-water, while that of sea- 
fish is generally somewhere between that of invertebrates and that of 
land vertebrates. Many people, therefore, think that land vertebrates 
are descended from fish which left the sea when it contained less salt 
than now, and that our blood plasma has kept the composition of the 
sea-water to which the cells of our ancestors were accustomed. 

Besides the inorganic substances mentioned, the plasma contains 
phosphates, which are also kept in by the kidney. They play a very 
important part in the formation of bone, which consists largely of 
calcium phosphate. There is an exceptionally large amount of phos- 
phate in the plasma of growing children, and of adults who have 
broken a bone and are engaged in repairing it. If the amount of phos- 
phate or of calcium in a child’s plasma falls below normal it is unable 
to form bone properly, and develops rickets. 

Although an organ can be kept alive for many hours by inorganic 
substances, yet organic compounds are of course needed for its pro- 
longed existence, and a heart will survive longer if, for example, a 
little sugar is added to its salt solution. As we saw, the blood contains 
about one part in a thousand of sugar, and this does not fall much in 
a starved man or animal. In this case glycogen is broken down by the 
liver to keep the sugar level up, and after the glycogen is mainly used 
up, the organs then oxidize fat rather than sugar, and leave the blood 
sugar about normal. In tlie same way the amount of amino-acids 
remains fairly steady, though of course there is a small temporary rise 
after a protein meal. The amount of fat varies somewhat more, and 
after a very heavy fat meal the plasma may be quite milky with 
microscopic fat drops. 

The liver plays an important part in keeping the amounts of sugar 
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and airuno-acids steady. It stores extra sugar as glycogen, and removes 
the ammonia from excessive amino-acids. The residue of the amino- 
acid molecule left can be oxidized, and in some cases can be made into 
sugar if required. But besides deaHng with excess of normal blood 
constituents it can destroy poisonous substances coming to it from the 
gut. These substances are generally the result of bacterial action there. 
The bacteria attack the proteins of our food, but have not enough 
oxygen to utilize them fiilly. They therefore excrete unoxidized frag- 
ments of proteins, just as the yeast ceU excretes ordinary alcohol made 
from sugar which it cannot bum. Among these excretory products 
are phenol ( carboHc acid ), cresol, indol and skatol. The last two are 
foul-smelling, and all are poisonous. They are absorbed from the gut, 
but on reaching the liver they are combined with sulphuric acid, 
apparently by an enzyme, to form quite harmless substances which 
are excreted by the kidney. If, however, they enter the blood in very 
large amounts a proportion gets past the Hver and the whole body 
appears to suffer. The Hver acts in the same way with many other sub- 
stances. It has more varied chemical functions than any other organ. 

Besides foodstuffs and various colloids with which we shall deal > 
later, the plasma contains in exceedingly small amounts certain organic 
substances of great importance which are poured into it by special 
organs, including the ductless glands, such as the thyroid. Some of 
these substances, like adrenalin, are present in varying amounts and 
act as hormones or chemical messengers between different organs. 
Others seem to be present in fairly constant amounts, and are needed 
for the normal working of the body {see also pp. 260 - 1 ). 

Insulin is produced by certain microscopical "islands” of tissue in 
the pancreas, and passes out of them into the blood stream. If these 
islands of insulin-producing tissue are removed or diseased the tissues 
become more or less completely unable either to oxidize or store the 
sugar of the blood. The amount present in the blood increases, 
especially after meals containing carbohydrates, and when it rises 
above the threshold value the kidney excretes it and it is wasted. What 
is even worse, the tissues begin to make sugar from proteins, and this 
too is excreted. So a man with severe disease of the parts of the pan- 
creas which make insulin gradually wastes away. This condition is 
called diabetes. If he is still making some insulin we can often keep 
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him alive on a meagre diet which he can just deal with, but in severe 
cases we have every day, or several times a day, to inject insulin made 
from the pancreas of animals. Unfortunately an overdose of insulin 
will depress the blood sugar below normal, which may bring on con- 
vulsions and death. Insulin has not yet been obtained in a pure state, 
but we know that very little is needed, for less than one milligram per 
day of our strongest present preparation is needed even in severe 
diabetes. 

The thyroid gland in the neck makes a substance called thyroxin, 
which has been obtained in a pure crystalline form and whose chemi- 
cal structure is known. Absence or removal of the thyroid does not 
lead to immediate death, but to a condition called myxoedema in the 
adult mammal, cretinism in the young. In this state the resting O 2 
consumption is only about 60 per cent of the normal, and the adult 
patient becomes fat, sluggish, stupid and bald; while a child develops 
abnormally and is idiotic; and a tadpole never metamorphoses into 
a frog. These conditions can be completely cured by administer- 
ing thyroxin or extracts of the gland. Fortunately, thyroxin is not 
destroyed, like insulin, by digestive en 2 ymes, so it can be given by 
the mouth (Plates 13 (i), 14). 

Thyroxin has such a powerful effect that only about a third of a 
milligram per day is needed to keep a thyroidless man normal, and 
this amount will cause the oxidation of a quarter of a million times its 
weight of glucose. The thyroid gland sometimes swells up and pro- 
duces too much thyroxin. The resting Og consumption then rises and 
may reach double the normal amoimt. In one hospital the patients in 
the ward reserved for hyperthyroidism eat twice as much as those in 
any other ward! They become thin and nervous, and their eyes tend 
to protrude. They can generally be cured by cutting out the gland 
wholly or in part. 

Thyroxin is an organic substance mcluding four iodine atoms in its 
molecule, so i £ there is not enough iodine in the food and drink it can- 
not be made in sufficient quantity. In many inland districts swelling of 
the thyroid is found along with a low or normal resting metabolism. 
This disappears when a few milligrams a week of an iodide are given. 
The gland which has been overworking in an attempt to make 
thyroxia with too Htde iodine rapidly recovers. The same simple 
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Fig. 36 (from an old print). A giant and a dwarf. The giant was only seven- 
teen years old, but 8 feet high. His condition must have been due to over- 
production of the secretion of the anterior part of the pituitary in youth, before 
the long bones had ended their growth in length. Note the disproportionate 
length of his limbs and extremities. The dwarf (only 2 feet 4 inches high) 
is of a well-marked type with relatively large head. 
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remedy lias made it possible to rear sheep in the American State of 
Michigan, where, owing to lack of iodine in the soil and water, they 
were formerly unable to Hve. On the other hand, healthy people may 
make too much thyroxin if given excess amounts of iodides. 

Another gland with important internal secretions is the pituitary, 
which produces at least two different substances. The posterior part 
produces a hormone, pituitrin, which afects smooth muscle. It seems 
to be needed for the normal function of the capillaries, which become 
relaxed and leaky in its absence, while the kidney produces large 
amounts of a watery urine. It also has a powerful effect on the womb, 
and is used to help it to contract during cliildbirth. The anterior part 
of the pituitar}^ is concerned in regulating growth. When it is removed 
we get a dwarfish condition, and when it is enlarged and secretes too 
much we get overgrowth. The precise effects depend on age. In a 
child, a long bone, such as the femur, consists of three parts, the shaft, 
and two bony pads at each end, caUed the epiphyses. Growth takes 
place not at thejoints but at the soft cartilaginous junction between the 
shaft and the epiphyses. If the pituitary begins to over-secrete before 
the epiphyses have been joined by bone to the shafts, the patient 
becomes a giant; if afterwards^ he becomes only a litde taller, but the 
epiphyses, lower jaw, brows, and some other bones grow in tliickness, 
and a condition called acromegaly results, characterized by large 
hands and feet and a peculiar facial expression. Clearly for normal 
health the pituitary, like other glands, must produce just the right 
quantity of its internal secretions (Fig. 36). 

The adrenal glands, wliich lie just above the kidneys, also consist 
of two parts. The central part secretes adrenalin, a substance which 
produces the same general effects as stimulating the sympathetic 
nerves; for example, a rise of blood pressure, a slowing down of the 
movements of the gut, and a pouring of sugar into the blood. 
Adrenalin seems to be constantly entering the blood, but in larger 
quantities during emotion. The outer part (cortex) of the adrenals is 
necessary for life, and probably pours something into the blood, but 
we do not know what. The parathyroid glands, which lie in the neck 
in or near the thyroid, also produce an internal secretion which regu- 
lates the amount of calcium in the blood plasma. The gonads also 
produce internal secretions, which control the appearance of the 
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secondary sexual characters which distinguish the two sexes. For 
instance, they act on the nervous system, and cause the appearance of 
die instincts connected with sex. They also influence the growth of 
the skeleton and other structures, such as combs and spurs in fowl, 
horns in deer, and the larynx and beard in man. At the time of writing „ 
one of their internal secretions has been obtained in a fairly active con- 
dition, though not yet pure. 

If we take a few living cells from an organ, and grow them under 
the best possible conditions, usually in plasma to which have been 
added extracts of embryonic tissue, they will continue to divide 
indefinitely if they are protected from bacteria. Cells from a chicken’s 
heart have growm in this way for over ten years, a few being trans- 
ferred to fresh fluid every two or three days. It appears probable that 
they could be grown indefinitely in this way, so that in the body their 
death with the natural death of the fowl by old age must be due to 
causes outside themselves. Blood contains substances which encourage 
cellular growth, and others which check it. As an animal grows up 
the former decrease in quantity. One cell may produce a substance 
which stimulates another type of cell. Thus a healing wound is full of 
leucocytes, which crawl into it from the blood-vessels. As these die 
they hberate a stuff which causes another kind of cell, the fibroblast 
(which produces connective tissue), to grow and multiply, as can 
easily be shown on a tissue culture. The fibroblasts in tissue near the 
wound therefore grow out into it, forming tough fibrous scar tissue. 

Sometimes growth regulation breaks down, and the cells of some 
part of the body grow too quickly, causmg a tumour. This may be 
harmless, like a wart, but if the growing cells migrate into the sur- 
rounding tissues and finally to distant parts of the body, the growth, 
which is then called a malignant tumour, or cancer, is very deadly 
unless it is removed when still small. We do not yet know exacdy 
why cells become cancerous, though in some cases this condition is 
undoubtedly caused by clironic irritation, for instance, by tar in tar 
workers, by certain parasitic worms in rats. 

One of the most important functions of the blood is to clot. If this 
does not happen, as in certam diseases, a man may bleed to death from 
a tiny scratch. Blood does not clot m the blood-vessels, evenifthey are 
removed from the body, and clots only very slowly in weU-greased 
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receptacles. But contact widi broken cells or with most foreign bodies 
leads to clotting; in die latter case apparendy because they cause cer- 
tain of the formed elements in the blood to burst. At least four sub- 
stances are concerned in clotting. The clot is mosdy made from 
fibrinogen, a protein dissolved in the plasma, but at least three other 
substances play a part, namely, calcium (lime salts), a protein called 
serozyme, and a waxy substance called cytozyme produced by the 
breaking up of cells. It is still uncertain exacdy how they interact, but 
interference with any of them will stop the blood from clotting. For 
example, a litde sodium or potassium oxalate will precipitate dl the 
calcium of blood as calcium oxalate, and thus keep the blood fluid. 

Of the other proteins in the plasma some are concerned in the 
defence of the body from infection, though it is possible that fat-like 
substances play a part too. Infectious disea^ are caused by animals 
and plants, some of microscopic size, some, such as that which causes 
most common “colds,’’ too small to be seen with a microscope. One 
of the best known of the visible ones is the bacillus which causes 
diphtheria. It grows in the throat, which it may occasionally obstruct, 
and does not usually spread to otlier parts of the body, but liberates 
into the blood a poisonous protein which is particularly dangerous to 
the heart. If a man has had diphtheria this protein, called diphtheria 
toxin, is no longer poisonous to him, and what is more, if some of his 
blood is mixed with the toxin, it renders it harmless when injected 
into someone else. In practice one injects ground-up dead diphtheria 
bacilH into a horse so that it develops antitoxin without having had a 
sore throat. Its blood now contains antitoxin and will protect human 
beings against the toxin. We do not yet know the exact chemical 
nature of the toxin and antitoxin, but we know a great deal about 
them— for example, in what liquids they are soluble and at what tem- 
peratures destroyed. We also know that the antitoxin puts the toxin 
out of action by forming a rather loose compound with it. Unfortun- 
ately, few bacteria kill us in the rather simple way employed by the 
diphtheria bacillus, so few diseases can be cured by antitoxins, although 
they are quite effective against snake bite. 

Another type of immunity is that developed to typhoid bacilli. 
The serum of a man who has had typhoid, when added to a suspension 
of typhoid bacilli in water or salt solution, makes them stick together 
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in little clumps and cease to move about. The same or similar sub- 
stances increase the capacity of the white corpuscles for digesting the 
bacteria, while others will actually cause foreign cells to break up. 
These substances are mostly very specific, and a serum which is fatal 
to one race of bacteria will not always kill a very similar race which 
produces a disease of the same kind, still less those which cause a 
different disease. Besides such ‘‘immune bodies” in the blood serum 
which can be transferred from one man or animal to another and 
experimented with in tubes, the cells of organs can develop immunity 
which, of course, cannot be transferred, and as to whose nature rather 
little is known. 

In many diseases most of the symptoms are due to changes in the 
blood composition, which affect organs remote from the one which 
has first been injured. For example, in heart disease the first symptom 
is often faintness after exercise. This is because the damaged heart can- 
not pump blood fast enough through the lungs to absorb the oxygen 
needed by the body, so the brain does not get enough oxygen. Many 
of the symptoms of lung diseases such as pneumonia are also due to 
oxygen-want. When the kidneys are diseased they cannot get rid of 
substances with their usual ease, and they also let the proteins of the 
plasma leak out into the urine. Some victims of kidney disease get 
headaches, vomiting and convxilsions as the result of the accumulation 
in the blood of various poisonous substances which a healthy kidney 
can get rid of, others swell up and get dropsy because the kidney can- 
not get rid of water and salts. In most acute diseases the blood seems 
to contain poisonous bodies of unknown nature which upset the tem- 
perature-regulating centre, and so cause fever. 

Since bacteria and other Hving producers of disease were discovered 
we have been enabled to prevent many infectious diseases. For exam- 
ple, we prevent the spread of typhoid and cholera by seeing that their 
bacilli do not get into drinking water. Malarial fever is spread by 
mosquitoes, which suck up from the blood the protozoa that cause it, 
become infected themselves, and infect the next man they bite by 
means of their sahva, the protozoa having multipHed and migrated 
into the salivary glands. Malaria can thus be prevented by killing off 
the mosquitoes. But, apart from surgery, rest, good diet and nursing, 
we can often deal with disease by means of drugs. Among the most 



THE INTERNAL ENVIRONMENT 243 

important drugs are antiseptics, which kill off bacteria in infected 
wounds or abscesses, and anaesthetics, which allow the surgeon to 
remove diseased organs painlessly. Some drugs, such as Epsom salts 
act in the gut, but most of them have to be absorbed into the blood 
before they act. One group of drugs are valuable because they are 
more poisonous to parasites than to human beings. For example, a 
dose of quinine which will kill almost all the malarial parasites in the 
blood stream only gives the patient a sHght headache. Bur most drugs 
are valuable because they act on some special organ. For example, 
there is a form of heart disease in which the auricles, instead of beating, 
twitch in an irregular way. The ventricles are constantly being excited 
by the auricles; they therefore contract so often that they have no 
time to fill up between beats, and become fatigued. We give the 
patient digitalis, a drug which acts mainly on the heart, and in some 
way blocks the conduction of impulses from the auricles to the ven- 
tricles. The latter then begin to beat at a slow rhythm, but fill up 
properly between beats. 

Again, in chloroform or ether anaesthesia there is a danger of the 
heart stopping, so we want to block the passage of inhibitory impulses 
from the brain down the vagus. For this purpose we inject a little 
atropine. This has the property of stopping the action of the para- 
sympathetic but not of other parts of the nervous system. It not only 
hinders the action of the vagus on the heart, but also on the stomach, 
and this discourages vomiting. Many drugs act especially on the brain. 
Some affect those parts which are concerned in consciousness, and 
produce sleep or wakefulness as the case may be. Others affect specific 
centres, such as the heat-regulating or vomiting centres, and by a 
suitable use of them we can allay pain, fever and other symptoms 
which involve the activity of the brain. It is, however, certain that 
many more chemical weapons in the war against disease remain to 
be discovered. 

To sum up, not only the normal activities of the body, but even its 
normal shape, depend on the simultaneous normal activities of its 
various parts. They influence one another partly through the nervous 
system and partly by mechanical means, as when a bone grows in 
response to the pull of a muscle, but very largely by chemical factors- 
The chemical side of the relationship between the hundred million 
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million or so cells that make up your or my body is sufficiently com- 
plicated, but it is simple compared to the chemistry of the reactions 
between the hundred milli on million molecules that make up a cell of 
average size. The study of those reactions is the main task of bio- 
chemistry. SufHce it to say diat we have begun to isolate many of the 
intermediate products of metabolism and the catalysts that govern the 
course of the reactions by which they are formed. But the hfe of every 
individual cell is in its way as complex as that of the whole body, in 
the description of which we have taken the individual cells for granted. 



CHAPTER NINE 


SOME POINTS IN THE 
PHYSIOLOGY OF DEVELOPMENT 

I N THE LAST few chapters the existence of the fully grown animal 
or man has been taken for granted, and the attempt has been made 
to discover as much as possible of its way of working: we have been 
studying the physiology of adult Hfe. But the adult animal (and plant, 
for that matter) is not a ready-made article — ^it has to develop. In the 
second chapter we studied development as revealed by simple obser- 
vation. But that gave us no more than does a mere description of 
structure for the adult organism. We want to know something of the 
physiology of development just as much as of the physiology of adult 
life. 

The great difference between the two branches of physiology is 
this — that while adult physiology is dealing with stability, develop- 
mental physiology is dealing with change. In the former case, the 
general characters of the organism, in spite of alterations in detail, 
remain the same over long periods of time; and one of the most 
prominent features of the processes of adult life is that, as a whole, 
they constitute a self-regulating system, in which any excess in one 
direction automatically brings into play forces acting in the opposite 
direction. But in developmental physiology, the organism is always 
passing from one phase into another, and even if some of the phases — 
like the tadpole stage of the frog — are of comparatively long duration, 
yet processes are always at work which at length will upset the self- 
regulative power of the system, and will make it change into some- 
thing quite different. 

Besides these processes of normal development, however, others 
of the same general type may occur as the result of special circum- 
stances. The facts of regeneration, for instance, come under this head; 
and, as a matter of fact, some analysis of regeneration will be foimd to 
give the best starting-point for a discussion of developmental physi- 
ology in general. 

Regeneration is not a very familiar fact to most of us, since it is 
present to a very slight degree in ourselves and in the animals we 
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know best. But worms or polyps, or indeed most of the lower animals 
— if they could think — ^would find regeneration the natural, normal 
state of affairs, and the absence of regeneration a sad and abnormal 
failure. In a sense they would be right. Regeneration does at least seem 



Fig. 37, Partial and complete twinning artificially produced in newts, (a) 
Gastrula stage after a hair has been tied round the segmenting egg so as to 
produce light constriction, (b) Neural-fold stage of the same embryo. Two 
sets of neural folds(/.Med and r.Med) have beenproduced anteriorly; they join 
posteriorly at x, (c) The same just before hatching; a two-headed monster 
has been produced.- (d) Result of complete separation of the first two blasto- 
meres by a hair, sf. Two healthy embryos, complete except in size, have been 

produced. 

to be a fundamental and original property of life, lost late and for 
special reasons. 

If you throw crumpled paper into a freshwater ditch, or set traps 
consisting of a bottle with boiled earth-worm for bait, you will prob- 
ably succeed in catching large numbers of various kinds of freshwater 
Planarians — little leaf-shaped creatures of carnivorous habits and glid- 
ing movements. Choose out the brown and black species, which are 
the hardiest. Transfer one to moist blotting paper, and with a sharp 



SOME POINTS IN THE PHYSIOLOGY OF DEVELOPMENT 247 

knife cut it clean across. The experiment sounds cruel; but in reality 
you will have artificially encouraged the multiphcation of the species. 
Each of the bits, replaced in water, will regenerate what is lost and so 
become transformed into a complete worm. The same would have 
happened if you had cut the animal into half a dozen cross-pieces 
instead of two, and equally whether you cut it down die middle or 
across. If you persisted, you would discover two main facts in the 
course of your experiments — that any piece of any shape, provided it 
was above a certain quite small size, is capable of regenerating into a 
whole animal; and that this happens equally whether the regenerating 
pieces are fed or not (Fig. 40). 

The same would have been true if instead of a Planarian you had 
cut up the little polyp Hydra, and almost the same with the smaller 
Annelid worms such as Lumbriculus. The same also holds for the 
microscopic single-celled Protozoa, although here the operations are 
much more difhcult owing to the animaPs small size. 

It is also true for the very early stages of development in many kinds 
of animal. In a newt either of the two first cells produced in segmenta- 
tion may, if artificially separated, give rise to a whole embryo; the 
same holds in many animals for any one of the first four cells, or for 
most fragments of the late segmentation and blastula stages (Fig. 37). 

Thus regeneration of the extrerne type — ^what we may call com- 
plete regenerative capacity — is found in the simplest types of animal 
and the earliest stages of development. It must therefore be thought 
of, not as a special property developed to meet the rare contingency 
of losing a limb or being bitten in two, but as something natural to 
living things, and present unless circumstances forbid it. 

Further facts confirm this view. In animals of a rather higher grade 
of organization, such as the more complicated worms, Crustacea, 
some insects, and some molluscs, the power to regenerate is still 
present, but it is Hmited. No longer can the animal be cut in half, or 
into a number of Httle bits, without losing its capacity for Hfe; but so 
long as certain central and essential organs remain at work, very con- 
siderable losses, such as those of a limb or a tail, can be replaced. This 
degree qf regenerative power continues even into the land vertebrates. 
Although the frogs and toads do not, the loafer or tailed amphibia still 
possess it. Even a mature newt or axolotl can grow not merely a new 
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toe or new foot, but can repair the loss of a whole hind-hmb and hmb 
girdle. This we may call organ regeneration. In such animals, the early 
stages in development of an organ such as a limb are capable of 
complete regeneration. Thus, by cutting a tadpole’s Hmb buds so that 
a number of separated bits are left, the animal may be made to grow 
more than the normal complement of legs (Fig. 38 and Plate 15, (i) ). 

The same hmitation of regeneration is seen, as might be expected, 
during development also. For instance, while the amphibian in its 
segmentation and blastula stages has an almost complete regenerative 
capacity, the tadpole can only regenerate single organs, and the frog 
can do no more than heal wounds. Even in newts and salamanders 
regeneration is much more rapid in the tadpole than in the adult. 

Among reptilia, lizards are the only animals which possess even the 
power of organ regeneration, and in them it is confined to the tail. 
When we look closely we find that here the original general power of 
regeneration inherent in Uving things has been retained in this organ 
for particular biological reasons, and has been combined with special 
adaptations to make it of greater value to the animal. The lizard has 
the power of self-mutilation (or autotomy as it is often called). If you 
catch a common lizard by the tail you will find that after a moment 
or two of squirming, the tail, broken off short at the root, will be all 
that you have in your hand, and the rest of the Hzard will be running 
off into safe hiding. This is only made possible by a special structure of 
the vertebras of the base of the tail; they have a crack on either side 
which penetrates almost to their centre, and die tail muscles are so 
arranged that when one set of them contracts they pull at the further 
half of one of these vertebrae, and snap it off across the plane of 
weakness. 

The tail when broken off is, though doomed to death within a few 
hours, not yet dead; and it continues to execute the most violent 
wrigglings and jerkings for some time. In nature what occurs is appar- 
ently as follows: When a bird or other enemy makes a pounce at 
the lizard, it will often only succeed in catching it by the tail. When 
this happens, the tail is broken off, and by its squirmings continues to 
keep the attention of the attacker while the Hzard itself is m^mg for 
safety. The tail is lost and devoured, but the Hzard grows a new one. 
If lizard-eating animals were rational they would probably confine 
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themselves to tails, gathering the annual crop as we gather the annual 
crops of fruit off a fruit tree. In any case, the lizard often saves itself 
by sacrificing its tail {how often could be established by finding out 
how long tail regeneration takes, and then by examining a number of 
lizards from one locahty and noting how many were in process of 



Fig. 38. Ventral view of a metamorphosing 
toad (Pelobates) with six legs. This condition 
was brought about by cutting into the early 
limb buds, each separate piece developing 
independently. 

growing new tails — an experiment well worth trying) ; and this desir- 
able end has only become possible by adding the special mechanism 
for breaking off the tail to the primitive power for regeneration. 

Crabs and many otlier arthropods have this power of autotomy in 
their limbs, and some worms when handled break their whole body 
into fragments, each one of which will regenerate into a complete 
individual! 

One word about the power of regeneration in mammals and our- 
selves. Although we cannot grow new limbs, yet our wounds will 
heal, and this is still a real regenerative process; we may call it wound 
healing or tissue regeneration. It is also to be remembered that m a 
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certain sense the growth of such tissues as the epidermis is a continual 
regeneration — ^for something is continually being lost, and as con- 
tinually being renewed. These last processes fall under the head of 
normal or physiological regeneration, A more striking example, perhaps, 
than the skin is to be seen in the antlers of deer — two masses of bone 
weighing several pounds which are shed and renewed each year. 

Two or three general principles emerge from these facts. The first 
— to recapitulate — is that regeneration is a primitiveproperty of life. 
Most low organisms never stop growing, and the capacity for regener- 
ation is clearly associated with the capacity for growth, since growth 
is necessary for many of the processes of regeneration. Other changes 
that are at work in regeneration, however, have the character of 
rearrangements; for instance, in the formation of a whole newt out 
of one of the first two blastomeres of the newt’s egg, the only process 
is one of regulation — of rearrangement of material which ought to 
have produced a half, so that it actually produces a whole of half size. 
In the regeneration of a small piece of Planarian to form a whole 
worm, a certain amount of new growth takes place at the cut ends of 
the piece, but many of the changes involved are brought about by 
changes in the original piece. For this to happen, however, a certain 
degree of plasticity is needful — cells and tissues must be capable of 
altering their original character and adapting themselves to new con- 
ditions. This also is largely a property of actively growing organs; 
further, it appears to be impossible if tissue differentiation has reached 
too high a pitch. 

Thus the gradual Hmiting of regenerative capacity which we find 
as a general rule both in the development of the individual and in the 
progress of life as a whole, is due partly to increased differentiation, 
partly to the fact that the higher animals, instead of growing in- 
definitely, show a sharply marked stoppage of growth on reaching 
the adult state. 

Regeneration is thus essentially the restoring of typical form, struc- 
ture, and function; we might call it a special case of regulation. 

The fact that a piece of Planarian without a mouth can yet regener- 
ate head and tail is obviously interesting. The piece’s capital can be 
readily transformed into cash for the undertaking of new enterprises 
— in other words, the living framework of its body can be broken 
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down into food materials winch can then be used up in new growth 
elsewhere. In the higher animals, the living capital is locked up in non- 
negotiable forms to a much greater extent, although not so com- 
pletely as is often imagined. 

This power of drawing upon the living tissues in case of need leads 
on to another remarkable power of Planarian and other low types. If 
an intact animal of this sort is starved, it can continue to exist for 
periods of weeks and months by thus liquidating its capital for its day- 
by-day expenses. Since it draws on its own tissues for its daily energy 
needs, it therefore must grow smaller and smaller. Planarians can con- 
tinue this economical process until they have diminished their size to 
below that at which they hatched from the egg. If they are given food 
again (at any stage in the proceedings) they wiU start growing once 
more, and recover their normal size and appearance (Fig. 39). 

One very curious fact was early noted about Planarians thus reduced 
in size by starvation— namely, that their proportions gradually altered 
from those of the adult and became more like those of normal young 
worms. This led to the idea that perhaps they not only looked young, 
but had really become young again — an idea which was easily put to 
experimental proof. 

Some species of Planarians reproduce mainly asexuaUy by trans- 
verse division; after the worm has reached a certain length a new head 
is formed a little behind the centre of the body, and in front of this a 
split appears along which separation eventually takes place. A brood 
of worms from one such species was taken. When they had nearly 
reached full size, they were divided into two lots. One lot, fed regu- 
larly, continued to grow and divide in normal fashion. The other lot 
was starved until the average size of its members was reduced to about 
half; then it was fed imtil it had recovered its original size; then starved 
again — and so on repeatedly. The experiment was continued for a 
period of tinie in which the well-fed animals went through nineteen 
generations (a period which, though only occupying a few months 
for Planarians, would in human beings mean about six centuries — 
from Chaucer’s time till today). During the whole of this period, 
none of the other lot reproduced at all, but all remained within the 
limits of size set for them by tlie experimenter, and, what is more, 
showed no signs whatever of age or of diminished vigour. In fact 
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there is every reason to suppose that the experiment could have been 
continued indefinitely — ^in other words, that the individual Planarian, 
by proper treatment, can be made immortal. 

The elixir of Hfe was sought by the alchemists of medieval Europe 
for hundreds of years. These experiments show that it has at last been 
discovered; but, unfortunately, it is only effective with Planarians and 
some other ammals, all of a low grade of organization. 

Before we go further into the principles involved in this matter, we 
must mention that there is another way in which animals may sur- 
mount starvation and other unfavourable conditions. 



Fig. 39. DecMerentiation and reduction. 1 and 2, the 
Ascidian (sea squirt), Clavellina; 1, normal; 2, the same 
individual dedifferentiated after exposure to adverse 
conditions; 3 and 4, the Flatworm, Planaria; 3, normal 
adult; 4, the same individual after several months 
■without food. 


If an ordinary hydroid polyp Hke Obelia be kept in the laboratory, 
the hydranths, or separate organized individuals of the colony will, 
(unless the water is well' aerated artificially) show a curious series of 
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changes. Their mouths will close and their tentacles become stumpier; 
eventually they will lose almost all signs of their previous dilFerenti- 
ated structure and become converted into a rounded or egg-shaped 
bag with a few litde knobs marking where the tentacles had once 
been. They have lost differentiation — in other words, have undergone 
dedifferentiation. 

In Obeha the process is compHcated by the fact that wliile dediffer- 
entiation is going on, the cells of which the hydranth is made up detach 
themselves from their neighbours and, leaving their fixed place in the 
tissues, migrate into the central cavity and down into the common 
stalk which connects all the hydranths. By this means the hydranth 
dwindles rapidly, and is reduced soon after dedifferentiation is com- 
plete, to a tiny knob in the bottom of its protective horny cup. The 
animal has been resorbed by the stem. It is as if a house were to be 
unbuilt, by the bricks leaving their places in the walls and migrating 
into the garden. 

If, however, the hydranth is cut off at its base beforehand, the central 
cavity is soon filled up with detached cells, and after this, dedifferentia- 
tion done occurs until the animal is reduced to a mere living bag tight 
packed with cells. These types of dedifferentiation are found in many 
low types of animals, such as various Coelenterates and Ascidians 
(Fig. 39). 

Among higher forms partial dedifferentiation may be a normal 
mode of development. For example, when the tadpole metamor- 
phoses into the frog, some of its tissues start to dedifferentiate, for 
instance, those of the gills and tail. The process is complicated by the 
fact that phagocytosis, or the devouring of undesirable materials by 
white blood cells, here reaches a far greater pitch of perfection than in 
lower animals, and, as a result, as soon as the cells have reached a cer- 
tain degree of dedifferentiation, they are attacked and removed by 
the white blood cells. The disappearance of the tadpole’s tail is thus 
due more to the activity of the phagocytes than to the migration of 
the tail cells themselves. Similar methods of resorption of tissues are 
found when, for instance, a tumour or a graft disappears in a human 
being. 

To return to regeneration, and to another of its aspects, it is found 
that the presence of one part is often necessary for the regeneration of 
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Fig. 40. , Regeneration and differentiation in Planaria. 1, a normal adult worm 
in outline, showing eyes and pharynx; a and h, levels where pieces were cut 
out. 2, either noth pieces may regenerate a new head; in this case complete 
differentiation to a normal worm occurs. The original pieces produce new 
head and tail by new outgrowths, new pharynx and altered shape by remodel- 
ling. 3, in adverse conditions, only a rudimentary head is produced. 4 and 5, 
in very adverse conditions, no head is formed; the front end merely forms a 
scar. In these circumstances, a-pieces form a new pharynx (4), but 6-pieces 

do not (5). 
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another part. In Planarians, for instance, the mouth opens at the end 
of a sort of trunk, the muscular pharynx, which can be protruded 
from the centre of the underside. If a small piece of the flatworm is 
cut out by two transverse cuts, it depends on a number of circum- 
stances whether a head shall be formed or not; for instance, a low 
temperature near freezing, or exposure to dilute alcohol or other 
poisons (the experiment is easy to carry out) will reduce the frequency 
of head formation, or even suppress it altogether (Fig. 40). 

If a head is produced, such a piece will always proceed to the 
formation of a pharynx. But if no head appears, the formation of a 
pharynx depends on the original position of the piece in the body. 
If it was cut from in front of the original pharynx, it will often 
regenerate a pharynx, even in the absence of a head; but if it came 
from behind the original pharynx, a new pharynx will never be 
formed unless a head forms first. In other words, a new pharynx will 
be regenerated in the centre of a piece of Planarian provided that tliere 
exists at the front end of the piece a region which is normally anterior 
to a pharynx — whether tliis anterior region be an old part of the body 
or a new regenerated head. 

Thus, the head or front region of the body exerts some remarkable 
influence upon a distant region of the rest of the piece, making it con- 
struct an organ that it could not otherwise produce. It makes things 
make themselves. Exactly how this effect is produced we do not 
know. Possibly it is through the agency of the nervous system. In 
any event, it is clearly a property of very great importance, and also 
one which seems to be of quite general occurrence. For instance, when 
the eye-stalk of a prawn is cut off, a new one like the old is usually 
regenerated. But when, in addition to the eye-stalk being amputated, 
the optic ganglion, or part of the brain to which ru& the nerves from 
the eye, is also cut out, the organ which is regenerated bears no resem- 
blance to an eye and eye-stalk, but has precisely the form of part or 
all of the first antenna or feeler, the appendage which normally comes 
next behind the eye. 

One other fact gained from the study of regeneration needs to be 
considered before the problems of normal development. If one of a 
pair of organs be removed, remarkable results often follow. For 
instance, in certain diseases, one kidney may have to be cut out. When 
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this is done, the other begins to grow, and at the end of a few months 
weighs almost as much as the original pair together. This enlarge- 
ment follows as a direct result of the increased demands made upon 
the functions of the surviving kidney, and is therefore known as com- 
pensatory functional overgrowth. There is no regeneration of the 
missing organ, but a compensatory growdi of its mate, resulting, one 
may say, in a regeneration of function. 

This fimctional overgrowth may be foimd not only to compensate 
for the loss of one member of a pair of organs, but also when part of a 
single organ is removed, or when an extra demand is made upon an 
organ without removal of anything. 

If, for instance, most of the liver or pancreas or reproductive organs 
are removed, the bits that are left will start to grow rapidly, until they 
are large enough to cope with the demands of the body. 

Or, as illustrative of the second case, the normal thyroid secretion 
is very rich in iodine. When the amount of iodine in the food and 
drink falls below a certain quantity, the demands of the body for 
more iodine-containing secretion react on the thyroid; this begins to 
grow, producing more total amount of secretion as an attempt at 
compensation for its poverty in iodine. It may grow to a relatively 
huge size, producing a great swelling, called a goitre, in the neck. If 
a little iodine is given to a patient with such a goitre, the reverse 
process sets in, and the swelling is reduced* (^ee also p. 237). 

A similar process takes place in muscles when extra demands are 
made upon them. Everybody knows how heavy exercise “develops 
the muscles,” and, after a preliminary period of loss of weight due to 
utilization of the reserves of fat, make a man put on flesh. The actual 
size of the muscles increases as the result of exercise. 

With this information we can now attempt some account of the 
normal development. It is found that the early development of a 
vertebrate such as a frog or newt falls, from our present standpoint, 
into three main periods. The first is essentially a period of the division 
and rearrangement of already existing materials, and takes the ferti- 
lized egg through segmentation and some way into germ-layer form- 
ation. The second is mainly one of differentiation — ^visible structure 

♦This is not the only type of goitre; e.g., exophthalmic goitre or Graves’ disease seems to arise 
from quite other causes. 
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appears, the organs are blocked out, and tissues become dijferent each 
from the other. Finally, in the third, the two most important features 
are growth, and the welding of the diflferentiated parts into a working 
whole — ^by mutual influence of organs upon each other and by an 
adaptation of separate organs to the demands upon them through the 
effects of function upon growth. 

This last phase may be taken first, since it is in many ways the most 
famihar. Think of a young organism — a recendy hatched tadpole, a 
puppy, a child. Although it has already a characteristic organization, 
yet this organization is still plastic within wide limits. The final shape 
and size of its bones, its muscles, its sinews and tendons, its glands, its 
digestive tube, even of parts of its central nervous system, depend very 
largely upon the amount and the kind of use to which they are put 
during development. 

If one of a puppy’s fore»Hmbs is tied up soon after birth so that it is 
never used, the dog will manage to get about very well with only 
three legs. But the leg which has not been used will be very different 
from the others. The bones of its skeleton will grow almost to the 
normal length, but will never attain more than about half their normal 
thickness, nor will the arrangement of bony struts and stays at either 
end of the shaft (which in an ordinary bone are developed so as to 
meet both vertical and sideways strain in the mechanically most per- 
fect way) be properly formed. The muscles of the leg, too, and their 
tendons will be very small. Not only this, but the nerve-cells of that 
region of the brain which controls the movements of the limb will be 
undersized. 

The power of bone to respond to the strains to which it is exposed, 
is of practical value. If, for instance, one of the small bones or phalanges 
of a finger is crushed and has to be removed, a small piece of bone 
from some other region can (if it include some of the periost layer 
from which new bone cells are produced) be grafted in to take its 
place. After a year or two the irregular splinter will have come to bear 
a marked, though not complete, resemblance to the bone for which 
it is doing duty (Plate 15, (ii) ). 

One of the most striking adaptations in the body is the fact that 
every tendon which attaches a muscle to a bone not only is of the 
proper size for the strain which the muscle can exert upon it, but is 
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composed of parallel fibres which run precisely in the region of 
greatest stress. How can this beautiful relation of mechanism to func- 
tion be supposed to have originated by natural causes? Does not the 
purposeful adaptation, different in detail for each separate tendon, 
demand the intervention of some supernatural power? 

Research, however, has in great measure removed such difficulties; 
for it has shown that all the separate detailed adaptations are the direct 
consequence of one inherent property of the tissue of which tendons 
are made. 

If a piece is cut out from a long tendon, such as the Aclnlles tendon 
which passes from the muscle of the calf over the heel to be fastened 
to the sole of the foot, it will after a time regenerate. Connective 
tissue grows out into the wound, the cells elongate and form fibres 
in the direction of the tendon, make attachment to the cut ends, and 
reproduce a structure essentially like that which was originally present. 
But if by one means or another the calf muscle is put out of action (as 
when its nerve has been severed) then, although the gap will be filled 
by a new growth of connective tissue, the fibres will not become 
arranged in any particular direction, md no tendon-like structure will 
be formed. 

Further, when in such an animal (the main experiments were car- 
ried out in rabbits) a piece of clean silk was healed across the middle of 
the wound, at right angles to the original tendon, and then, by wind- 
ing it up very slowly on a screw, increasing tension was put on one 
end of it, it was found that fibres were formed in the new connective 
tissue, but parallel to the silk, and therefore useless for any restoration 
of normal function. 

From these facts (supported by many others) it is clear that tendon 
fibres are formed from connective tissue when the connective tissue 
is frequently stretched, and further, that they are formed parallel to 
the stretching force. This stretcliing force is usually the force of muscu- 
lar contraction (in growing animals there will also be found stretching 
due to growth of bones) ; so that tendons will be formed from ordinary 
connective tissue when muscles begin to contract,* and will be 
‘‘adapted” to the direction and amount of stretching exerted by the 
muscle. In any case, aU the apparent design seen in the adaptation of 

* It is possible that they may originate in other ways as well. 
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each several tendon to the demands made upon it, is apparently a 
direct result of this one reaction of connective tissue to tension. 

To sum up, we may say that certainly most of the tissues of the 
body — possibly all — respond either diroughout life or at least during 
growth (while their cells are still capable of multiplication) to the 
demands made upon them, and respond on the whole very advan- 
tageously from the point of view of the whole animal. The skeleton, 
the muscles, tendons, many and probably all glands, the central 
nervous system — all these we have already seen to show functional 
adaptation. So does the skin. Everybody knows that (after the blister 
stage has been negotiated) continual rubbing will make the skin 
thicken. “Horny-handed’’ is so hackneyed an epithet for manual 
labourers as to have almost become mere journalese, and every oars-* 
man demonstrates the fact in his own person. So, too, the circulator}" 
system responds to functional demands. If Everest is ever climbed, it 
will probably be because men can become “accHmatized” to high 
altitudes and consequent low oxygen supply, largely, it would seem, 
through an extra production of red blood corpuscles by the bone 
marrow and in consequence a greater capacity of the blood for 
capturing and transporting what oxygen there is. 

Furthermore, the size of a blood-vessel, both diameter of cavity and 
thickness of wall, is determined very largely — ^perhaps wholly — by 
the amount of blood which is pumped through it, and the pressure 
at which it is pumped. Cases are known in which large arteries become 
blocked up. If the blocking-up process is not too rapid, one or more 
small branches of the vessel will gradually enlarge, and produce chan- 
nels capable of transporting the requisite amount of blood without 
difficulty. This has been known to happen even when it is the human 
aorta, the main and indeed the only large artery springing from the 
arterial side of the heart, which has been blocked. 

The same kind of adaptation is also true of the protective reactions 
of immunity. It is a familiar enough fact that children who have had 
measles once do not generally catch it again, but this is only one 
among innumerable instances, such as the over-production of diph- 
theria antitoxin by horses injected with small doses of the toxin or 
poison produced by diphtheria germs, which has reduced the disease 
from a cruel scourge to a serious unpleasantness, or the benefits given 
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by vaccination. All these again depend on one single property of 
higher animals; when unaccustomed proteins enter their system, they 
can (iftheforeignsubstancesarenotintoo greatamount, and provided 
certain other conditions are fulfilled) not only destroy or inactivate 
th^m, but in the process generate an excess of the destroying sub- 
stance or antibody, which remains for a longer or shorter time so that 
a second invasion can be more rapidly and effectively crushed {see also 
p. 241). 

Although many of these adaptations are possible throughout Ufe, 
others can only occur during development, and most of them are 
essential for normal development, since only through them do the 
size and structure of the various organs come to correspond to their 
function and to the physical and chemical stresses imposed on them. 

There is, however, another type of mechanism which is active 
through die later periods of development and plays an important role 
not only in this functional adaptation but also in fusing the parts of the 
organism into a more unified whole, and that is the endocrine system 
or sum total of the ducdess glands {see also pp. 236-9). 

Many of them, such as the thyroid and the pituitary, have indis- 
pensable functions as regards proper growth. The thyroid regulates 
the rate of metabolism, increased amoxmt of thyroid secretion produc- 
ing an increase of oxidation in the body. As might be expected, this 
function seems to be of more importance to the well-being of animals 
such as mammals, with a normal high metabolism (great heat pro- 
duction and constant high temperature), than to those like fish or 
frogs, which do not have to be constantly generating large quantities 
of heat to keep their temperature above that of their surroundings. 
Within the mammals, the absence or failure of the thyroid makes 
more difference to an adult man than to an adult sheep : the thyroidless 
sheep is but slightly abnormal, while the thyroidless man becomes 
notably fat, sluggish, and slow-minded. But its absence in the child, 
in whom growth and activity should be much greater, makes far 
more difference again than in the grown-up man; the thyroidless 
human child or cretin usually dies early, can only grow into a stunted 
dwarf and never develops normal intelHgence, the brain of man 
apparently requiring a high level of metabolism for its unfolding. In 
Amphibia, metamorphosis from larva (tadpole) to adult is under the 
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control of the thyroid. Tadpoles with dieir thyroid cut out refuse to 
be transformed into frogs, and grow to giant size in the water (Plate 
13 (i) ), while if a dose of thyroid is given to quite young tadpoles, 
they will metamorphose into froglets no larger than jflies. 

The changes which take place in body and mind at puberty are also 
under the control of the endocrine system. The immediate control is 
exerted by the gonad itself It is important to find that a whole set of 
separate changes can be brought about by a single change in the duct- 
less glands, and further, that all these changes are in the long run 
related to one function, that of reproduction. 


Fig. 41. Outlines of two related species of fish {Argyropelecus olfersi and 
Sternoptyx draptiana). The one can be derived from the other by a simple 
distortion of the relative directions and intensities of growth in length and 
growth in a dorso-ventral direction. 

That a single original alteration in the chemical composition of die 
blood, an alteration appearing inevitably at the end of a definite span 
of growth, should bring about an increased growth-rate, the forma- 
tion of mature spermatozoa in the testes, the appearance of hair on the 
face and body, and a marked change in mental oudook and tempera- 
ment, is one of the most striking facts in biology. 

All the ductless glands have this in common, that their secretions 
are carried all over the body by the blood, so that they can exercise a 
number of different effects simultaneously upon the most diverse 
organs. 

It is fairly obvious, however, that for all the importance of function 
and of the endocrine system in development, their task is essentially 
one of regulating the degree of activity of processes already in being, 
or of directing them along particular channels. Bones exist in the 
absence of a pituitary or of pressure upon them, and muscles without 
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being used. It is only a small part of the adult man’s growth of hair 
that is dependent upon the testis; metabolism continues in the absence 
of a thyroid, and the first development of a gland or blood-vessel 
takes place before its use begins. 

Another point that should not be forgotten is that in the long run 
the differences in shape and size between different animals depend 
almost entirely upon differences in the amount and direction of 
growth in different regions during development. In very early life 
the hind-limbs of a whale grow much less fast, compared with the 
body, than do those of a man, and those of a man much less fast than 
those of a kangaroo. Some idea of the changes which would be pro- 
duced in human beings if the proportions between general growth in 
length and growth in breadth were rather different from what they 
actually are, can be obtained by visiting the distorting mirrors at a fair 
or circus. Or one organ may be affected differently from the rest; the 
effect of this on general proportions may be seen by looking at oneself 
in the broadening mirror, first with the arms held against the sides, 
and then outspread at right angles to the body. 

If in the embryo of the fish Argyropelecus the tendency to growth 
in length had been a little less, and the main direction of dorso-ventral 
growth were not quite at right angles to the main direction of growth 
in length, it would have developed into a passable imitation of another 
kind of fish (Fig. 41). No doubt such sUght alterations in growth are 
at the bottom of much evolutionary change. 

How do these more fundamental structures and fimctions originate 
to provide the primal basis to be shaped by the secondary moulding 
forces we have described ? Although much is still not clear, yet the 
main outlines of the answer emerge when we look at the next 
previous stage of development, the stage of differentiation. 

This starts during gastrulation (Plate 5), and ends as the various 
organs become capable of functioning. Its great characteristic is the 
sudden appearance, in the hitherto comparatively simple germ, of 
a number of chemically different regions, each one of which is 
destined to generate one particular kind of organ. What is more, 
this will usually be accomplished whether the developing organ 
rudiment is in its proper relation to the rest of the organism or not. 

If the late gastrula is cut in two so as to separate front from hind 
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region, each part (after healing the wound) will proceed to develop 
just those organs which it would have done if the embryo had been 
left intact. We are presented with an anterior half-embryo without 
any of the hinder organs, and a posterior half-embryo with tail, hind 
limb buds, and most of the trunk, but no head regions, gills or heart 
There is, in fact, in this stage no regeneration whatever of missing 



Fig. 42. To show the effect of the dorsal-lip region of the amphibian embryo 
in inducing development. 1. An embryo which during its gastrulation has 
had grafted into its flank a dorsal-Hp region from another embryo. It has 
developed its own head (anterior), tail and nerve-tube with somites (right), 
etc. In addition, a secondary set of main organs has been induced in it by the 
graft. Of these, tail, nerve-tube and somites are visible; ear-vesicles were also 
formed, but not the front of the head, 2. Microscopical section through this 
embryo, pr. 2 vied, nerve-tube of the host, with notochord below it. sec. med, 
nerve-tube induced by the graft, l.sec.lab, left induced ear vesicle. 

parts; yet, in spite of this, both halves appear quite healthy, and only 
begin to degenerate at a stage when the organs should be begiiming 
to work and the animal to fend for itself Or a piece of one embryo 
may be grafted on to another embryo, even of a different species, and 
both will continue to develop (Plate 13 (ii) ). One actual ^‘chimera” 
has been artificially produced consisting of the front half of one kind 
of frog and the posterior half of another, which grew and metamor- 
phosed quite happily. 

Or if a small part of the future brain region be cut out just after the 
gastrula stage, and grafted in again in reversed position, it will produce 
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what it would have produced in an untouched emhryo, although now 
of course the organs to which it gives rise will be misplaced. The eye, 
for instance, which is formed by an outgrowth from the brain (Plate 
10), may by tliis means be made to develop behind the ear, and yet 
have normal structure. This will happen in spite of the fact that no 
visible trace of even the earhest eye rudiment was present when the 
operation was performed. 

Before gastrulation, on the other hand, no such irreversible changes, 
inevitably determining the future appearance of organs, have yet 

Cutting the developing egg in half in the earliest stages has a totally 
different result from cutting it in half after gastrulation has set in. In 
the former case, as we have seen, one or both halves may become 
reorganized into a whole, and produce an embryo normal in every 
respect save size. 

One very remarkable fact has recently been discovered, namely, 
that the sudden change that takes place in a few hours during gastruk- 
tion in an animal like a frog or newt, during which the germ loses its 
capacity for regulation and becomes a sort of jig-saw of separate parts, 
each predetermined to produce just one particular organ of the future 
tadpole, occurs under the influence of one small region of the embryo. 
This is the region just above the dorsal lip of the blastopore. By ingem- 
ous microscopic operations, even tiny bits of a newt s egg can e 
removed and grafted into other places on the same or other embryos 
If this dorsal-lip region be taken and grafted into the flank region of 
another developing egg, it is found to cause the development of ^ 
extra set of organs, in addition to the one produced in relation to t e 
host egg s own dorsal lip. Extra nerve-tube, notochord, musde 
segments, kidney tubes, and gut may be thus induced to form— in 
other words, the beginnings of a whole second embryo. What is 
more, they are not formed by the grafted piece itself, but in the host 
tissues near it. Again, we are reminded of Mother Carey in Kingsley s 
Water Babies, who “made things make themselves.” No other region 
has this power, and so the title of “organizer” has been bestowed 
upon the dorsal-Hp zone (Fig. 42). 

It is interesting to recall that a similar sort of power was exerted by 
the head of a Planarian in inducing the formation of a mouth and 




Fig. 43. Free-swimmiiig larvae of the top-minnow (Fundulus heterocUtus). 
(a) Normal larva, with anteriorly placed mouth, m. (b) Incompletely 
Cyclopean larva, with the two eyes joined and occupying the position usually 
taken by the mouth, (c) Completely cyclopean larva, with single antero- 
median eye, dorsal aspect, (d) Lateral aspect of same, showing the ventral 
mouth, m. (e) Ventral aspect of same; ys, yolk sac. (From Stockard.) 
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pharynx (p. 255). Another fact is that the dorsal-Up region at dus 
period is Ic most actively working part of the embryo, with very 
5pid cell division. It seems probable that this great activity lias some- 

tHng to do with its organizing capacity. -.p 

oLr interesting results, also apparently concerned with differ- 
ences of activity in different parts of the developmg egg, have been 
.obtained with still earlier stages. For instance, if fishes 
£ges are put for a few hours during early segmentation in solutions 
■mfvnesium or Uthium cliloride (or of many other substances in 
damaging concentrations) very curious results may be obtained. The 
front fnd^of the animal, between the eyes, does not develop J’ 

.or sometimes is not formed at all. As a 

together, or joined up to form one eye, as was fabled of the Cyclops 
or'^are even absent altogether. The rest of the animal develops almost 

""^SSlrlS^.'ff eggs are put during the same period 
roncentration of stimulating substances, such as atropin, caffcm, etc., 

r^oSorlesstheconverseresultisfouniThewholeembryode^^^^^^ 

more rapidly than normal, but the excess rapidity is greatest at the 
front enff aid embryos are produced with abnormally large heads 

“LTtlll 'oTie s^e son may also be effected by keeping fto^’ 
„„ feme plates at different temperatnns. When the yoloc* 
Jwch are going to give rise to the belly region, are heated, and the 
Sid polf-ceUs, wLh give rise to the head, are cooled, the tadpole 

wHchlLchesouthasasHghtlysmaffheadandlargeabdomen;wh^ 

precisely the opposite effect is produced if the temperature-gra 

‘^MSeiSIp'^Ti.end nponthefcn tfet 
xells are more active physiologically than the yolk-cells, which 
hampered by their stores of inert yolk, and the activity gra es own 
fi-nm one oole of the egg to the other. The more active cells are both 
more susceptible to harmful agencies— hence their failure to wor 
orooerly ulMgCl. solutions, etc.; but they can respond better and 
P ^ r 1.1 tUon tlnf- less active yolk-cells. It looks 
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Fig. 44. Acceleration of development in the embryo of a fish (Macropodus) by 
means of exposure to atropin sulphate for one and three-quarter hours during 
early segmentation, (a) Control, developing in normal conditions, (b) Treated 
specimen. Note the much greater size of the head. Its heart-beat was also more 
rapid. (After Gowanioch.) 
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Our knowledge of these first two periods can be summed up thus. 
Although the period up till early gastrulation is of course an essential 
link in the developmental chain, no important steps in the construc- 
tion of the details of the animars typical organization are being taken 
so long as it lasts. The original comparatively simple organization of 
the zygote is not much altered; and the most essential change is the 
cutting up of the huge and unwieldy single cell, the fertilized ovum, 
into hundreds of small cells. In the first place, these are far more 
mechanically convenient, just as a hundredweight of bricks is suitable 
building material, while a single giant brick weighing a hundred- 
weight would be useless. And then each is a relatively independent 
unit, with its own cell membrane as frontier, so that it is much easier 
to localize a number of separate chemical processes in different parts 
of an embryo divided up mto cells than it would be to localize them 
if the embryo were all one large cell, in the same sort of way that the 
possession of a number of small pots and pans makes easier the task of 
preparmg an elaborate dinner. 

To choose another parallel from human affairs for the second and 
third phases of development, we might say that the second corres- 
ponds to the discovery and invention of new processes, new machines, 
new products, while the third corresponds to the growth of the 
industries based on these discoveries, a growth which is regulated by 
the laws of supply and demand, by the customs and laws of the 
country, and by the state of world affairs, but can only take place 
once the new inventions have been made. 

In conclusion, it is worth mentioning that every cell of the body 
appears to receive the same complement of chromosomes, the original 
set possessed by the fertilized egg being exactly duplicated at each celt 
division, so that each cell has a “copy” of it. This at first sight seems 
to make differentiation hard to understand; but perhaps a musical 
analogy will make it clearer. The performance of a piece of pianoforte 
music demands a pianoforte. But we might have a hundred identical 
pianos in a row, from each of which would be emanating a wholly 
different piece of music: that would depend upon the players. 

For the pieces of music substitute the different organs of the embryo; 
dien the pianos are the chromosome sets and the players are repre- 
sented by the different conditions in different regions. For instance, 
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at the close of segmentation some cells are small and poor in yolk, 
those at the opposite end are large and yolky, some are at the surface, 
others tucked away in the interior; and the differences between differ- 
ent parts are increased after gastrulation. 

In animals progressive development generally comes to a close 
with the attainment of the adult condition. In man, however, this 
need not be so in respect of one character. Mental development may 
continue; in other words, the contents of the mind may increase and 
its organization become more complex and more perfect, so long as 
maturity continues and senility has not set in. 

Of course this is by no means always very marked, and equally of 
course something of the same hind is seen in the higher vertebrates 
which can profit by experience. But the extent of the possible develop- 
ment open to man is none the less very striking. One of the chief 
biological differences between man and aU other organisms is ffar 
through his power of thinking and learning, his development and 
differentiation can continue through the whole of life. 



CHAPTER TEN 


THE METHODS OF EVOLUTION 

I N THE LAST few chapters wc have begun to Icam Something of 
the extraordinary complexity of our bodies. What appear as the 
simplest of actions are often dependent upon a delicacy of mechanism 
not to be found in our man-made machines, while many human 
faculties could never exist without the foundation of a whole series 
of carefully adjusted living processes. Human thought is only possible 
within narrow limits of temperature. Our brains will only work even 
approximately well within a range of about 3° or 4"^ centigrade, and 
to keep the blood at constant temperature requires the elaborate 
machinery, which we have already discussed, of sweat glands, dilating 
and contracting blood-vessels, and their nerve supply. Or again, 
merely to pick up a pencil from the floor or a cricket ball from the 
grass requires first of all an exact judgment of distance, which means 
a connexion and co-ordination between the brain processes involved 
in sight and the judging of seen objects, and those involved in the 
sense of muscular movement and judgments of muscular movement; 
and secondly, the co-operation of a large number of separate muscles 
in body, arm and fingers, each of wliich has to be made to contract 
or relax just so much, no more and no less, by nerve impulses of just 
the right number and frequency. 

How is it possible that this complexity can have come into being? 
At the outset we must remember that it does come into being in 
every one of us during the first few years of our life. Each one of us 
started as a formless germ with hardly any differentiation — ^no separ- 
ate organs or tissues, no sense organs, no brain, no capacity for regu- 
lating its temperature, for moving from place to place, for thought. 
Something (and a great deal too) had to be formed out of next to 
nothing before we were ready to be born. Even after birth we had 
to learn to do a great many things that we take for granted, such as 
judging the shape of things from sight or even from touch;* learning 

*The well-knowii experiment of crossing the index and middle fingers and finding that a 
pencil, a pellet of bread, or the tip of the nose, when between their crossed tips, is felt double, 
shows that the judgment of solidity from touch depends largely upon the proper association of 
sensations from different regions — such as finger-tips. In making judgnaents that a ball is spherical, 
we are doing something still more elaborate. The shape of the visual image, and its shading, have 
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to control our muscles accurately. Have you ever watched a baby 
making bad shots for its mouth, or at some bright object in front of 
it, learning to walk, to speak? A new-born baby is even more helpless 
in many ways than it seems. Its brain cells and fibres are not fully 
developed, and it is not for some weeks that it is even capable of 
beginning to learn many types of lessons. The power of the centres in 
the cerebral cortex to combine the raw materials provided by the 
sense in proper relation is well seen in the following experiment. A 
man was provided with inverting lenses, so that he saw everything 
upside down. By wearing them all day for a week or so, however, he 
gradually came to make the right associations quite unconsciously 
between the inverted vision and his bodily movements. It is in a 
similar way that the baby must learn to associate its visual and tactile 
and muscular sense impressions, for they are all equally arbitrary, and 
only by association can the relation between them be worked out by 
the brain. 

There has thus been real evolution in the individual development 
of every human being and higher animal or plant — an evolution that 
is accessible to everybody’s observation. 

The other evolution, that of one species out of another, one whole 
type of animal life from a lower type, cannot generally be observed 
in this direct way. If the evolution of the individual is as easy to watch 
as the movements of the second hand of a watch, that of the race is as 
impossible of direct detection as the movement of the hour hand. 

Various facts, however, as we have already pointed out, make it 
impossible to get on without assuming that racial evolution has 
occurred; and further, when we examine fossils at huge intervals of 
time, we find that change has taken place. In just the same way the 
undetectable movements of the hour hand are made visible if we note 
its position only at half-hourly intervals, and the far slower geo- 
graphical movements, such as the erosion of the Norfolk cliffs, or the 
budding out of Dungeness into the sea, can also be detected if measure- 
ments are taken only at intervals of a few years. Occasionally, how- 
ever, we can trace the actual evolution of one species out of another 
in the fossils which they have left beliind in the rocks. 


to be associated with memories of the feel of similar objects previously seen. A man who had been 
blind from bi^th would have, like a baby, to learn to see things solid. 
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However, even if we can be sure that evolution has occurred, that 
our own bodies and minds are derived by slow descent from those of 
ape-like creatures, those from lower mammals, those agam from 
reptiles, amphibians, some form offish, and so back tiU at the remote 
start we had traced our pedigree back to a smgle-celled creature 
however certain we can be of the facts, our certainty gives us no 
answer to the question of how the facts came to be so— the machmery 

by which evolution works. i j r i 

There have been several main theories as to the method o evo u- 
tion. The first is called die Lamarckian, after its author, the Frenc 
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naturalist Lamarck (1744™1829), the second the method of Natural 
Selection, first clearly set forth by Charles Darwin (1809-1882). 

The first assumes that changes produced during the life of the indi- 
vidual, whether by direct ejffect of the external environment, or by 
voluntary or involuntary use and disuse of its organs, are inherited; 
and that these inherited changes accumulate in the course of genera- 
tions so as to become fixed. Characters acquired in this way during 
life are mn^HjczUcd acquired characters, or sometimes simply modijica-- 
tions. If, for instance, a tame sea-gull is fed on com instead offish, the 
whole lining of its stomach alters, becoming thicker and more Hke that 
of seed-eating birds. Or, again, the proper sort of exercise actually causes 
muscles to become larger. In hard training, although at first a man’s 
weight wiU go down, because the fat gets used up as fuel, yet after- 
wards his weight will go up again, this time owing to the building of 
new muscle tissue. 

The Lamarckian theory would have it that tlie effects of changes 
like these are perpetuated in the offspring; thus the direct action of 
external conditions, or, as we usually say, of the animal’s environ- 
ment, would be one chief cause of evolution, and the habits and ^vill 
of the animal the other chief cause. 

However, there is little or no evidence for the theory, and a great 
deal against it. We will take a particularly striking example from 
botany. Many plants grow both liigh up among moimtains and down 
in the plaitis and valleys. Those which grow higher up must exist in 
lower temperature, longer winter, more violent weather, poorer soil. 
As a result, they grow into a shape quite unlike that of the lowland 
variety. The dandelion, for instance, when growing in the Alps 
(Fig. 46) is a dense rosette of small leaves, a long root, and a short 
flower stalk; in the lowlands, as we all know, its stalk may be long, 
its leaves large and spreading, its root (though too long for the 
gardener) much shorter. 

If dandelions from the Alps are taken down and grown in the 
plain, aU their new growth is of lowland type, and in a short time they 
become indistinguishable from lowland dandelions, while exaedy 
the reverse is true of lowland plants transplanted to die'^Alps. The 
same is true when seeds of the Alpine type are sown in the plains, and 
vice versa. The time spent in an Alpine environment has not 
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in the slightest degree finally fixed the Alpine habit of growth. 

This can be readily understood if we suppose that the dandelion 
has a fixed constitution which, however, reacts differently to different 
external circumstances; it has, that is to say, a fixed capacity of being 
modified in special ways. Tliis is obviously true for simple chemical 
substances. One particular sort of paraffin, for instance, melts at, say 
61*^, another at 62° centigrade. Keep the former in one environment 
— ^below 61° — and it stays solid; keep it above 62°, and it stays liquid. 
But you will not make it raise its melting point however long you 
keep it melted. The two will continue to show their characteristic 
modifications in relation to heat — their original melting points — as 
long as you like to keep them. To take another example, tliis time 
from the animal kingdom, attempts have been made to explain the 
black colour of the negro as the accumulated effect of generations of 
sunburn. It is of course true that most white men in a tropical climate 
become sunburnt;* the strong sunlight has a direct effect in causing 
more pigment to form in the skin. But anybody can verify for them- 
selves the fact that the children of men tanned in this way are not 
noticeably less white than those of parents who have never left 
England. 

What does this imply? Surely, that European and negro have differ- 
ent constitutions as regards skin colour. The European stays pale in 
temperate countries, darkens in the tropics. But the negro is black 
wherever he lives. We can go back to our previous comparison; we 
can think of two grades of paraffin, one melting at 65° centigrade, the 
other at 40° centigrade. The first, if kept in the shade, will remain solid 
throughout the summer in any region of the earth; but the other, 
though it would stay solid in an English summer, would be liquid in 
the tropics [see also Fig. 47). 

This interpretation would clearly leave no room for the Lamarckian 
theory, and, as time has gone on, more and more of the examples that 
the Lamarckians claimed as proving their point have been shown to 
be explicable in some such way as this. 

The further difficulty remains that we are ignorant as to how 
the inheritance of acquired characters could be brought about. 


* Although some very clear-skmned people, like certain Scandinavians, only get red and 
indamed. 

M.S.T. — 
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Every animal, as we have seen, consists of a number of organs con- 
cerned with the working of the individual, together with the repro- 
ductive cells whose primary function is the perpetuation of the race. 
To the first, taken together, the term soma (the Greek for body) is 
apphed, wliile the second is called the germ-plasm. The soma is of 
necessity mortal, while the germ-plasm is potentially immortal, and 



Fig. 47. Diagram to illustrate the effects of differences in 
environment and in constitution upon differences in visible 
characters of organisms, (a) Plants, all of similar hereditary 
constitution, grown under uniform conditions of environ- 
ment: result, similarity, (b) Plants of various hereditary 
constitution grown under similar conditions of environ- 
ment: result, diversity, due to mutation or to recombination. 

(c) Plants, ah of similar hereditary constitution, grown 
under various conditions of environment: result, diversity, 
due to modification. 

is the continuous chain on which the individuals of the race are strung 
(Fig. 48). All acquired characters — that is to say, all characters which 
the Lamarckian theory supposes to be accumulated in evolution — are 
somatic; they affect the soma. But how is a change in the soma to alter 
the germ-plasm? And even if it did, how is it to alter it in such a way 
that when the new soma of the offspring is produced, it shall show a 
change of the same sort? As Weismann, the well-known German 
zoologist of the late nineteenth century, put it, we might equally well 
suppose that a message sent off by telegram in Paris would arrive in 
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Pekin already automatically translated into the Chinese language. 

Taking it all in all, it seems probable that Lamarckian evolution, or 
the inheritance of any sort of acquired character, has played at most a 
minor and insignificant part in the actual evolution of animals and 
plants. 

That this is so is lucky for humanity. For, it is undoubted, and even 
obvious, that most human beings faU far short of reaching the standard 
either of body or of mind to which their inherent constitution could 



Fig. 48. Diagram to illustrate the relation between body (soma) and germ- 
plasm in successive generations. Only the germ-plasm, represented by a 
succession of dividing germ cells, is continuous from one generation to the 
next (black line with arrow). Single individuals are represented by ovals, 
containing somatic cells (white circles), all of which die, and germ cells (black 
circles), some of which produce the next generation. The son is therefore not 
descended from his father’s body (soma), but both father’s soma and son are 
descended from a common ancestor in the shape of the fertilized egg which 
grew into the father. 

develop if it was made die best of Either through their own fault, or 
through the fault of a bad environment, in the shape of poverty, 
slums, monotonous life, unhealthy work, or unliappy family circum- 
stances, they are in some way or another under-developed. If tliis 
under-development were inheritable, the majority of the race would 
be undergoing a steady degeneration. As it is, however, a good stock 
in a bad environment continues to produce potentially normal and 
healthy children, that only want good surroundings to unfold their 
possibilities. 

The second great theory of the method of evolution is that of 
Natural Selection. 

Darwin himself saw it forced upon him as the necessary conse- 
quence of the following facts of biology: — 

1. The fact of heredity. All organisms tend to resemble their 
parents. 

2. The fact of variation. No two organisms are exactly alike. Thus 
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Swallow Turbrt 

Fig, 49. Nine varieties of domestic pigeon, to show the remarkable variations 
of shape, proportions, colour, number of feathers in the tail, etc., which have 
been produced by selection from the single original stock of the wild Rock 
Dove {Columha Uvia). 
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the resemblance between parent and offspring is not absolute. Furtlier^ 
some variations at least are inheritable. 

3. All organisms produce more offspring than can survive. If all, 
or even half the young, even of the slowest-breeding known animal, 
the elephant, were to come to maturity and diemselves reproduce, the 
whole globe would in a limited time become packed with elephants.* 
While what would happen if all the million or two eggs of every sea 
urchin came to maturity baffles imagination! Thus, among die indi- 
viduals of every species, there is of necessity a struggle for existence — 
not necessarily a conscious struggle, but none die less a real competi- 
tion in effect. 

The conclusion to be drawn is this — that those individuals which 
possess variations helping them in the struggle will on the whole sur- 
vive, while those which have varied in the opposite direction will on 
the whole be killed off. Those that survive will reproduce the race, 
and by the operation of heredity, their ofBpring will tend to resem- 
ble them — ^in other words, will tend to possess die same favourable 
variations. This process Darwin called Natural Selection. 

Natural Selection may dius be compared to a sifting of the indi- 
viduals of a race, a sifting which results in the race coming to consist 
only of such individuals as are best adapted to their environment 

Darwin clinched his argument by pointing to the effects of artificial 
selection. Look, he said in effect, at the different breed of dogs, of 
pigeons (Fig. 49), of horses, the different kinds of vegetables, com or 
fruit. A Shedand pony, a race-horse, and a cart-horse, exhibit much 
greater points of difference than do many natural species. If a zoologist 
who by some accident had never seen a dog were shown a greyhound, 
a pug, a mastiff, and a dachshimd, he would probably classify them in 
different genera. Yet they, as well as the types of horses and all the 
other breeds of domestic animals, have been produced by selection, 
the breeder keeping such animals as came nearest his ideal, rejecting 
the others and not allowing them to reproduce. If artificial selection 
can produce such results in the short period covered by history of 
man, Natural Selection, argued Darwin, in the vast periods of 

* Darwin calculated that each pair of elephants normally produced about six young during 
its breeding period, from thirty to ninety years old. If this rate of reproduction continued, then 
in 50d years a single pair would have fifteen million living descendants. The problem is, of course, 
one in simple geometrical progression. 
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geological time could produce all the diversities seen in the animal 
and plant kingdoms. 

Another form of selection, which as Darwin saw, must operate 
among the higher forms of animals, is that which is called sexual 
selection. Just as natural selection is the immediate outcome of the 
struggle for existence, so sexual selection is the result of the struggle 
for reproduction. Where, as in all higher animals, reproduction is 
sexual, any advantage in finding a mate will give an evolutionary 
advantage, since the more successful animal will leave more descend- 
ants, who will on the average inherit the same quahties which ensured 



Fig. 50. “Mutual courtship,” as illustrated by the crested grebe {Podiceps 
cristatus). In the breeding season, both male and female develop the chestnut 
and black crests and black “ear tufts.” These are absent in winter. Right, the 
commonest form of display, in which the birds, with erected necks and partly 
spread ruffs, shake their heads repeatedly at each other. Left, a display less 
frequently seen, in which the birds, after diving and fetching nest material 
(water weed) from the bottom, swim at each other, and leap up to meet 
each other breast to breast, with fully spread ruffs. 

their parent's success. Thus, while in Natural Selection the sifting 
mechanism consists almost exclusively of the inorganic environment 
together with the actions of the animal's organic competitors, in 
sexual selection it consists largely of the mind of the opposite sex of 
the same species. In other cases, however, the males fight for the 
females, and here strength, skill, vigour and protective and offensive 
weapons will be the decisive factors. Characters originating in this 
way are illustrated by the antlers of deer, the canine teeth of horses, 
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the spurs of male game birds, the mane of the lion, or the enormoin 
size of the males in many seals. 

However, the more interesting qualities developed by sexual selec- 
tion are those which have had to go through the sieve of the mate’ 
mind. As we should expect, the characters most encouraged by thi: 
means will be those which most readily please, stimulate, or excite th« 
mind, especially on its emotional side. And, as a matter of fact, tiie) 
are just such characters: brilliant colours like those of male pheasants 
often combined with striking patterns and structures, as in the trair 
of the peacock; wonderful ceremonies or dances such as that of the 
grebe (Fig. 50) or the Argus pheasant (Plate 16), in which bright oi 
beautiful plumes are shown oflfin a startling or unusual way; or again 
pleasant scents, such as those emitted from special scales by male 
“blue” butterflies, or actually sprayed over the female by the male, ai 
in the African butterfly Amauris; or gifts of food, as are made by some 
spiders and insects; or the instinct to construct regular “art galleries’ 
such as are made by the bowerbirds of Australia; or love songs, like 
those of grasshoppers or song birds; or even special vibrations, like 
those indulged in by numerous males among the web-spinning spider 
(a very necessary precaution, since if they did not vibrate the female’; 
web in a special way, different from that produced by the struggle; 
of captured prey, the female would in all probability kill her suitoi 
before realizing her mistake). 

One thing is interesting. On the whole, the characters that have 
been evolved through sexual selection are either pleasing or interest- 
ing to us, showing that in general wherever there is a mind at work, 
it is pleased and stimulated by the same kinds of things that please and 
stimulate our minds. Often, it is true, the details of the display charac- 
ter seem grotesque or even unpleasant to us, but this is generally due 
to some incongruousn^s. 

Characters like these are usually developed only in the males, the 
selection being exercised by the mind of the females. In such cases, 
selection will be most effective where polygamy prevails, as in black- 
game, since there the favoured male may leave a very large numbei 
of young, the unsuccessful males leaving none at all. In other cases 
however, notably in birds in which both sexes share the duties o; 
sitting on the eggs and looking after the young, and there is thus s 
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real family life, the stimulation and the selection is mutual, and 
adornments are evolved in both sexes. In such cases, the ceremonies 
and dances connected with display appear to have taken on an addi- 
tional function, namely, of providing an ‘‘emotional bond’’ which 
helps to keep the family together for the good of the species. 

In any case, the evolution of sex, the final ousting of all other forms 
of reproduction by sexual reproduction, followed by the develop- 
ment of brain and mind to a high level at which emotions count in 
determining behaviour, made the operation of sexual selection inevit- 
able; and this in its turn determined the evolution of a very great deal 
of the beauty and interest of the higher forms of life. 

Lamarckism in the broad sense implies a direct action of the environ- 
ment upon the constitution of the race. The Selection Theory, it will 
be seen, only demands an indirect influence of the environment, but 
in both cases the environment plays a great part in guiding the direc- 
tion of evolution. 

A third theory of evolution has been advanced, called Orthogenesis, 
or development in straight lines. In its strict sense, this view implies 
that evolution proceeds in any particular direction, not because of any 
advantage gained by the race, nor because of any direct moulding 
effect of the surroundings, but because of some inner urge, some 
necessity for the hereditary constitution to change in just that particu- 
lar way. However, many of the points adduced in favour of the dieory 
turn out not to support one theory of the method of evolution more 
than another, but to be merely statements of fact — of the very inter- 
esting fact that evolution does often (as in the horses, for instance) 
pursue a slow and straight-line course. In these cases, the theory of 
Natural Selection will serve equally well to account for the facts, 
without our having recourse to any new principle. On the other hand, 
some very puzzling cases are known. For instance, tlie great group of 
ammonites, a division of molluscs related to the cuttlefish and nautilus, 
and now all extinct, were very abundant in the secondary period. 
Many of them, towards the close of their hey-day, not only evolved 
along straight lines, but along lines which seem to be dooming the 
evolving race to eventual extinction. It is difficult to account for this 
in terms of either Lamarckism or of Natural Selection. It is clear that 
the range of possible variations is limited by the particular hereditary 
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constitution: no insect can, it appears, ever develop bone, no verte- 
brate can produce a compound eye. This implies a limited form of 
Orthogenesis; and perhaps in certain cases the restrictions imposed by 
the nature of the constitution are greater. In any case, Orthogenesis 
can never be more than a subsidiary method of evolution. 

Since Darwin’s time, knowledge has increased in many ways, and 
has compelled us to revise or re-state some of his conclusions. For 
instance, we now know much more about heredity, about the way 
in wliich organisms tend to resemble their parents (pp. 156 seq.). We 
also know much more about variation. 

Some variations turn out not to be inheritable at all. We have 
already considered some under the head of acquired characters; and, 
as a matter of fact, a great many, perhaps the majority of die minute 
differences which distinguish individuals are of this sort. In general, 
these non-heritable variations are called modifications. Opposed to 
them are variations which can be inherited. These are called mutations. 
They may be very striking, as in the case of the Ancon breed of sheep 
mentioned by Darwin, where a single unusual ram suddenly appeared 
in a strain of ordinary sheep. This ram had short crooked legs and a 
long back like a turnspit dog. It transmitted its characters to its off^ 
spring, and from it a whole new breed of sheep was produced, the 
value of the breed being that owing to its inherited peculiarities it 
could not jump over fences. Or mutations may be so small that they 
are masked by the effect of modifications and are only to be detected 
by special experiments. A good example is given by the weights of 
bean seeds, a problem worked out by the Danish botanist Johannsen. 

If a number of bean plants are grown and their seeds weighed, the 
weights will range widely — ^from about 200 to 900 milligrams in this 
particular experiment. The seeds of any single plant, however, will 
have a much narrower range of weight. Further, the ranges of weight 
for the seeds of different plants may overlap, e.g., those of one ranging 
from 200 to 650, of another from 400 to 900 milHgrams. If the seeds of 
one particular plant are saved, and grown separately, they will pro- 
duce plants each of which will have the same range of seed weight as 
did its parent.* Tliis range of weight wiE be the same whether die 

* Beaos reproduce by self-fertilization. This process continued for a number of geaerations results 
in the organism being pure (homozygous) for ah the Mendelian factors it carries. Such a homozygous 
stock is known as a pure line. All beans, therefore, unle^ artificially crossed, belong to pure lines. 



284 


ANIMAL BIOLOGY 



Fig. 51. I (a to e), five pure lines of beans. All beans 
of a given size are put in a single tube; tubes con- 
taining beans of the same size are vertically over each 
other. Pure line c had the largest average size of 
bean, B the smallest. Below (a-e), the result of 
mixing the five samples a, b, c, d, e. II, mutation 
in a pure line. Above, the range of bean-size 
(frequency curve) from one particular pure Hne. 
Below, two new strains, of different average size, 
which arose suddenly from it on different occasions 
and bred true. 


bean which gave rise to the plant was light, medium or heavy. Con- 
versely, however, two beans of the same weight, which have come 
from two plants with different ranges of seed weight, will produce 
plants giving different ranges of seed weight in their turn. It is clear 
that there are in existence a number of hereditary variations or muta- 
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tions afFecting seed weight. Plants possessing one of these will have 
seeds not of a definite and constant weight, but vai:)^Tng again (this 
time by modification) between fixed limits. The amount of the modi- 
fication, however, does not afiect the hereditary constitution, and the 
range of weight remains constant from generation to generation. The 
average weight for each strain (under given conditions) is fixed by 
heredity; but the differences in weight within the beans of one strain 
are due to environment — to the plant being in better or poorer soils, 
to the bean being at the base or the tip of the pod, the pod at the base 
or the tip of an upper or a lower branch, and so on (Fig. 51). 

If selection for weight of seed were to be made among a large 
mixed lot of beans, and only those plants which had beans above a 
certain weight were used for breeding, we should get a rapid increase 
of average seed weight in the population. This would be because all 
the strains with low average weight, not being allowed to reproduce, 
would be eliminated altogether. After a few generations, however, 
selection would no longer produce any effect upon the average weight. 
The reason of this would be that we were now dealing only with the 
strain with highest average weight, all the rest having been selected 
out; and each single strain breeds true to its average whetlier we select 
its heaviest or its lightest beans from which to breed. Further progress 
could only be made if a new mutation were to crop up (as might 
quite possibly happen, and as did happen during one of Johannsen’s 
experiments) in the direction of greater seed weight. 

Recent breeding experiments have shown that new mutations are 
continually cropping up in all sorts of animals and plants, both wild 
and domesticated. For instance, in a species of the little fruit-fly 
Drosophila, the American zoologist Morgan has discovered over 400 
new mutations, all of which have started from pedigree stock in the 
laboratory and all of which are inheritable. Some of these involve very 
small changes only, such as a slight difference in eye colour, while 
others, such as a mutation which makes the flies almost wingless and 
incapable of flight, are far reaching in their effects. Any one mutation 
may, it appears, influence any structure or function of the body in any 
direction. 

Darwin’s statement concerning variation must therefore be put in 
a new form. It should run thus. — All animals vary continuaEy and in 
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every part. A great deal of this variation is due to modification result- 
ing from differences in environment, and is not inherited. Inheritable 
mutations, however, also occur which affect every part. In any given 
species a great number of these mutations are already in existence, and 
new ones are regularly arising. 

Natural Selection, therefore, is a selection of mutations, large or 
small. At present we know very Httle as to why or how mutations 
originate. That is one of the greatest tasks before biology in the 
immediate future. But the fact that they do originate is sufficient to 
make evolution by Natural Selection possible and intelligible. 

In this way, by the constant killing-off of more organisms with 
disadvantageous mutations, and the survival of more organisms with 
advantageous mutations, change will occur in the direction of better 
adaptation. 

It must never be forgotten that a very slight advantage will in the 
course of generations come to preponderate. If for example, at the 
beginning of a glacial epoch, when the cUmate were growing slowly 
colder, a mutation occurred in a particular kind of beetle such that it 
gave a 1 per cent advantage to its possessor — ^in other words that on 
the average 100 individuals with the new character survived, but only 
ninety-nine without it; suppose further that the new mutation and 
the old condition were simple Mendelian allelomorphs (p. 159); and 
that the new mutations were dominant; suppose further that the 
mutation existed in 1 per cent of the population. Then it can be calcu- 
lated that after less than 500 generations, half the population will show 
the new character, and that in 1658 generations (not a long period in 
evolutionary history) 99 per cent will show it. Somewhat different 
but essentially similar figures will apply to recessive characters. 

That selection does take place in nature is known by many observa- 
tions. To take a simple instance, after a severe storm, an American 
naturalist collected a number of sparrows which were lying exhausted 

* The matter is not quite so simple as it appears at first sight. One great difficulty is that most 
of the mutations found to occur in the laboratory seem to make the animal less well adapted to 
its surroundings amd often to be definitely harmful. However, the mutations most easily detected 
will usually be those with large and striking effects ; and a large change will be likely to throw 
the animal’s organization out of gear. Mutations of small ^imount which do not throw the 
machinery out of gear but may even improve it, must also be occurring, but the smaller they are 
the more difficult will they be to detect. Very recently, it has been found possible to produce large 
numbers of mutations in Drosophila by X-ray treatment. This discovery should lead to a great 
extension of our knowledge in the near future. 



THE METHODS OF EVOLUTION 287 

on the ground. Some of diese recovered, the rest died. The wings of 
those tliat recovered were nearer the average for the species; the wings 
of those that died were on the average either much larger or much 
smaller than the normal. 

The theory of Natural Selection, in the slightly altered modem 
form that we have stated, is becoming more and more firmly sup- 
ported by evidence as time goes on, and there can be now little doubt 
that it has been die most important agency in bringing about adaptive 
and progressive evolutionary changes. 



CHAPTER ELEVEN 


THE GENERAL PROCESSES 
OF EVOLUTION 

AS WE HAVE already seen, one of the most important properties 
x\of animals and plants is adaptation to their conditions of existence. 
Of this obvious but most fundamental point, it will be as well to give 
a few examples from widely different groups of animals. Birds and 
mammals both possess a constant temperature which is ordinarily 
well above that of their surroundings. They should, therefore, be 
equipped with an arrangement for preventing too rapid loss of heat; 
and this is provided by the feathers in one case, the hairs in the other. 

Swimming birds, almost without exception, are web-footed or 
lobe-footed (Fig. 52). Thejacana, which seeks its food on the floating 
leaves of water plants, has enormous toes which distribute its weight 
as do skis or snow-shoes on the thin crust of snow. Indeed, in general 
the feet of birds are remarkably well adapted to the hfe which their 
owners lead (Fig. 52). The egg-eating snake, Dasypeltis, possesses a 
special mechanism by which it can temporarily dislocate its jaws to 
swallow an egg whole. In addition, one of its neck vertebrae bears 
a downwardly directed spine which protrudes into the gullet, and is 
used to crack the egg where none of its contents will be wasted. The 
larvae of crabs live near the surface of the sea, and are provided with 
long spines which increase friction and make them less ready to sink 
(Plate 17 (i) ). But the most striking examples are those known as 
convergence, where a similar mode of Hfe produces similar effects on 
quite unrelated animals. For instance, it is advantageous for many 
animals to be invisible against their surroundings, either to escape 
their enemies or to approach their prey unobserved. And we find that 
in polar latitudes many animals are white, at any rate in winter, in 
deserts many are sandy, in tmdergrowth many are blotched and 
streaked so as to break up their outline, and harmonize with the 
tangle (Plates 17-19, and Figs. 53, 54). 

Others, again, escape their enemies by mimicry, as it is called — by 
resembling other animals which are dangerous or distasteful. Thus 
wasps, which advertise their sting by their bright black and yellow 
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Fig. 52. Adaptation of structure to mode of life as illustrated by 
the feet of various birds. 1, Shag (webbed for swimming); 2, crow 
(perching, grasping); 3, ptarmigan (running, “stocking” of 
feathers for warmth); 4, wild jungle fowl (walking, scratching, 
spur for fighting); 5, coot (lobate for swimming); 6, jacana (toes 
elongated for walking on floating leaves); 7, sea eagle (raptorial 
for killing and holding prey). 

pattern, are imitated (of course quite unconsciously) by a large num- 
ber of different sorts of perfectly harmless insects both as regards 
pattern and body form. Ants may be mimicked by many other 
insects (Plates 18 (ii), 19, and Figs. 53, 54). 

Another type of convergence concerns shape. Every one is familiar 
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with the typical fish shape — the stream lines of the body, permitting 
of rapid motion in water. When other vertebrates have taken to the 
sea, they too have evolved into a similar shape, , as is seen in the 
Ichthyosaurs, a group of reptiles, and the whales and porpoises, a 
group of mammals. 




Fig. 53. Views (upper, from the side; lower, from above) of four species of 
plant bugs {Memhracidce) to show protective resemblance and mimicry. In all 
cases the resemblance is ejSfected by the pronotum (upper part of the first 
segment of the thorax) and head. From left to right: 1, Umbonia Spinosa, 
resembling a thorn; 2, Darnis lateralis^ resembling a grass seed; 3, Heteronotus 
nigricans, resembling an ant; 4, Oeda inflata, resembling in colour and shape 
the orange cocoon of a Syntonid moth, which belongs to a family charac- 
terized by nauseous taste. (In the view from above, the pins on which the 
insects are stuck are visible.) (After a photograph by A. Robinson) 



Fig. 54. Side view of a plant bug {Memhracidce) 
mimicking an ant {sec also Fig. 53). Note the 
outgrowth from the dorsal side of the first 
segment of the thorax which gives the resem-^ 
blance to the ant and covers the insect's real 
body completely 

THs adaptation of every part of an organism to its role, of every 
whole organism to its mode of life, is universal. It is indeed the direct 
and most obvious outcome of Natural Selection. 

But there is another fact, of perhaps greater importance, which 
must be taken into account, and that is the existence of higher and 
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lower types of organisms. Within a few square yards wc may have 
the man in a house, the dog in the yard, the worm in a flow-er-bed, the 
fish (probably a goldfish) in a pool in the garden, and the amoeba also 
in the pool, or in a water-butt. They are all living close together, but 
their effective environments are amazingly different in extent. Most 
of the happenings to wliich the amoeba responds accurately take place 
within a radius of a millimetre or so; when stimuli like light or vibra- 
tion affect it, it has no means of discovering anything about the 
distance or the kind of source from which they come, but responds 
simply to light or to vibration as such. The total range of environ- 
ment which the hydra could conceive of would be a few centimetres 
each way. The w^orm is a little larger, but stiU without any special 
sense organs; it can distinguish light from darkness, but cannot see the 
shape or colour or distance of anything; it can tell when the earth is 
vibrating, but cannot in any true sense hear, because it cannot dis- 
tinguish tones; it cannot begin to control the environment in the 
same sort of way as man controls it, because it is not even in contact 
with most of that environment, locked away from the happenings of 
the outer world in a windowless existence which is almost incompre- 
hensible to us who arc provided with efficient sense organs. The fish 
can see images, but its vision of anything outside the water is very 
limited owing to the water surface, which, if it is rough, prevents 
vision across it. In addition, it is of course confined to water, and so, 
in this case, to a little pool of a few feet radius. The dog can see, can 
hear and smell very well, and can roam over the surface of the eartL 
Its environment as perceived by its senses is as extensive as that per- 
ceived by man’s senses; but it cannot understand it in the same way. 
For instance, we can be pretty sure that no dog cotJd ever come to 
understand the difierence in distance between a cloud, the moon, the 
sun, and the stars. In addition, its brain cannot make the same reasoned 
relations between its sense impressions as can man. Although it can 
and does learn, it can only learn in an unintelligent way, making 
associations as they come. It does not appear capable of thinkin g in 
abstract terms of cause and effect. Its environment must seem both 
more Hmited and more chaotic than the man’s. The man, if he takes 
the trouble to be interested in the environment in which he lives, finds 
it a very marvellous one. He can get information, by means of a 



292 


ANIMAL BIOLOGY 

microscope, of invisible things under his nose; he can also obtain 
information, by spectroscope and telescope and mathematical calcu- 
lation, about the composition, size and speed of stars hundreds of 
light years away. He can know by letter and newspaper what others 
are thinking and doing, through history he can enlarge his past far 
beyond the limits of his single lifetime, and he can make prophecies, 
sometimes (like those of eclipses and comets) of perfect accuracy, 
concerning the future. Also he can relate the dijferent parts of his 
environment to each other and to general principles. His environ- 
ment is enormously greater, both in space and time, than the dog’s— 
let alone the amoeba’s; and it is much more intelligible. 

In addition, the six organisms are of very different sizes and degrees 
of complication. Amoeba consists of one cell, hydra several thousand, 
the worm many hundreds of thousands, a man millions of millions. 
There are many more kinds of cells in man, dog or fish, than in hydra 
or even worm. As we ascend the series, we find even greater inde- 
pendence of external forces. Amoeba and hydra are at the mercy of 
floods, currents, droughts. A worm is limited to a very small section 
of the soil. A fish is wide ranging, and can change its abode at the 
onset of unfavourable circumstances, but is confined to water. The 
dog can range on land, and, finally, man is at home in every latitude, 
and has mastered sea and air as well as earth. 

When we look carefully into the matter, we can see that here, too, 
the differences between members of the series can be thought of in 
relation to the environment, but in a much more general way than is 
the case with special adaptations. Using the word environment to 
denote the whole series of events and processes with which life can 
come into contact, and not merely the particular environment of one 
particular organism, we can say that some animals have more control 
over the environment than others, and are more independent of it. 
The savage is more at the mercy of die elements than is civilized man; 
civilization is learning to control floods and droughts, to make a path- 
way of communication of the same sea which to the savage is an 
impassable barrier. The dog in its turn is not able to cultivate die 
ground or to kill such varied game as the savage. The fish can exert 
far fewer different movements than the dog, and is much less able to 
profit by experience. The earth-worm is not only without speciahzed 
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organs of locomotion, but also lacks all organs of special sense. 

So far as independence goes, it is well to remember that amoeba and 
hydra are bathed, over the whole of their absorptive surface, by the 
water in which they live, and tliat accordingly any changes in the 
composition of that water act immediately upon the vital processes of 
the animals. In addition, they do not possess any mechanism for regu- 
lating their temperature, and so must live slow or fast according as 
their surroundings are cold or hot. In man or any mammal or bird, 
both the temperature and the chemical composition of the fluid wliich 
is in contact with all the cells of the body are, as we have seen, kept 
constant with an extraordinary degree of accuracy, and special devices 
exist for preventing changes in the outer world from exerting their 
full effect upon the vital processes of the body. 

In brief, we may say that high and low organisms can be dis- 
tinguished by the degree of their control over and their indepen- 
dence of environment. This difference in independence and control is 
reflected in their structure and their capacity for self-regulation and, 
in the mental sphere, by the degree of knowledge of the outer world 
which their sense organs and brains permit, and in all probabiHty by 
the intensity of their emotions. 

From what we know about evolution it is clear that the highest 
organisms have developed latest in time. This we can actually see 
happening as we trace back the history of life in the fossils; it is a 
probability' which amounts for all practical purposes to certainty that 
the converse is true, and that although the early stages of the earth's 
history as written in the rocks and fossils are now undecipherable, yet 
that the first forms in which life appeared were low organisms. 

At the beginning, then, there were only low organisms, today there 
exist all gradations between the highest organisms and die lowest; as 
we shall see later, undoubtedly many organisms have degenerated 
during evolution from a higher to a lower condition. If we look back 
into the history of fossils, and investigate what forms of life were 
present before and after the development of some new high type, such 
as man or the mammals, we shaE almost always find that the new 
type has simply been added to the previously existing types. For 
instance, the reptiles were the dominant land animals in the Secondary 
period, before the development of the higher or placental mammals; 
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Fig. 55. Diagram of the main geological periods. The figures give, in feet, 
the approximate maximum thickness of the sedimentary rocks laid down in 
each period. The total thickness since the beginning of the Cambrian is thus 
about 36 miles. The incisions indicate the periods when various great mountain 
systems were formed — ^Eurasiatic on the left, American on the right. The 
dominant forms of animal life are indicated on the right; it will be noted that 
highly complex forms (Trilobites) had already been evolved in the Cambrian. 
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when these were evolved, just before the begiimhig of the tertiary 
period, although they speedily became dominant on land, and 
although many species and even whole sub-groups of reptiles were 
extinguished, yet the reptihan type as a whole did not perish from off 
the face of the earth, but continued to exist as ivell as the mammals. 
In the same way, although the advent of man sealed die death warrant 
of a great many species of other mammals, reduced the total number 
of lower mammals very considerably, and deposed them from their 
previous dominant position, yet lower mammals still exist in abun- 
dance, and will undoubtedly continue to do so. 

Thus wc cannot say that evolution consists simply in the develop- 
ment of higher from lower forms of life; it consists in raising the 
upper level of organization reached by living matter, while still per- 
mitting the lower types of organization to survive. This general direc- 
tion to be found in evolution, this gradual rise in the upper level of 
control and independence to be observed in hving things with the 
passage of time, may be called evolutionary or biological progress. It is 
obviously of great importance, and can be seen, on reflection, to be 
another necessary consequence of the struggle for existence. 

This improvement has been brought about in two main ways, 
which we may call aggregation and individuation. Individuation is 
the improvement of the separate uint, as seen, for example, in the 
series Hydra — ^Earth-worm — ^Frog — ^Man. Aggregation is the joining 
together of a number of separate units to form a super-unit, as when 
coral polyps unite to form a colony. This is often followed by division 
of labour among the various units, which of course is the beginning 
of individuation for the super-unit, the turning of a mere aggregate 
into an individual Table pp. 296-7). 

Let us take as an obvious example of biological progress the coloni- 
zation of the land by vertebrates. As a matter of verifiable fact, the sea 
was already peopled with highly developed fish before the first 
amphibians appeared on land. In other words, while there existed 
great competition among vertebrates in the sea, this competition did 
not as yet exist on the land. Clearly, then, it would be a biological 
advantage to any species if it were to vary in such a way as to make 
it able to live on land, for then imchecked multiplication would be 
possible for it, and it would have fewer enemies. Variations in this 
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direction would thus tend to be preserved; in other words, this par- 
ticular step in biological progress would be favoured. 

As a matter of fact the step is a very large one, and progress was 
inevitably slow. The Amphibia did not arrive at a complete solution 
of the problem of leading a terrestrial existence. Their skin is moist, 
they are usually confined to wet places even in their adult existence, 
and the earlier part of their life is almost invariably spent actually in 
water, in the shape of a tadpole larva. 

With the evolution of the Amphibia the fringe of the dry land, the 
territory between land and water, had been conquered, but not the 
dry land as a whole. Once again, after millions of years during which 
the Amphibia were the highest vertebrate type, evolving life was con- 
fronted with a situation in which a premium was placed upon a 
further advance: animals bom with heritable variations making it 
possible for them to live farther and more permanently away from 
water would become hdrs of a rich unoccupied territory. Thus it 
was that the Amphibia, after themselves arising from the fish, in their 
turn gave origin to the reptiles. 

In the same way, in the continual struggle that is going on in mam- 
mals or birds between herbivore and carnivore, pursuer and pursued, 
each new advance in speed and size or strength in one party to the 
conflict, must call forth a corresponding advance in the other, if it is 
not to go under in the struggle and become extinct. The striking 
improvement in the running powers of the horse family during its 
evolution, evinced in increase of size, lengthening of the legs, reduc- 
tion in the number of the digits, and development of a well-formed 
hoof (see Fig. 57), and the similar improvements that occurred in other 
Ungulates, were accompanied by a corresponding increase in the size, 
speed and power of the group of Carnivora during the same geo- 
logical periods. Each was at the same time the cause and the effect of 
the other. 

A precisely similar state of affairs is often to be seen in the evolution 
of the tools and weapons and machines of man. For instance, in naval 
history, the increase throughout the nineteenth century of the range 
and piercing power of projectiles on the one hand, of the thickness 
and resistance of armour plate on the other, provides a very exact 
parallel with the simultaneous increase of speed and strength in both 
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Fig. 57. To illustrate the evolution of the horse, from the Eocene period till 
today. The earliest types are placed below. The number of digits on both limbs 
is slowly reduced; the middle digit is enlarged and specialized as a hoof; the 
fore-arm is strengthened by the fusion of radius and ulna, the ulna in its distal 
part disappearing; the hind-hmb is strengthened by the disappearance of the 
fibula and corresponding enlargement of the tibia; the length of the tooth is 
increased; its grinding surface becomes more complex. In addition (Plate 1 
(ii) ) there is an increase of size and change of proportions. 
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carnivores and their prey. In Nelson’s time, the men-of-war were 
built of unsheathed wood, and the guns fired round iron balls, with 
a maximum range of a few hundred yards. Today, batdeships carry 
15-inch guns which fling steel-capped and pointed projectiles, laden 
with high explosive, for a dozen miles or so, while the armour plating 
of hea-v5y protected ships may now reach a thickness of a foot or 
even more of specially treated nickel steel. 

During the interval, progress has been steady and gradual in both 
departments of naval warfare, each advance m efficiency of guns 
being the stimulus for new invention in the methods of protection, 
and vice versa. 

It is when there is a general increase of the animal’s powers of 
control that we speak of progress; when the increase is in one special 
particular only, we speak of specialization. For instance, the horse is 
specialized for running, the mole for burrowing, the bat for flying, 
the whale for a marine life, the lion for catching and devouring large 
animals, the sloth for living in trees. Each of these animals is well 
adapted for its particular mode of life, but each is by that very 
adaptation quite cut off from leading the life of any other. During 
the late Secondary period there existed similarly specialized types of 
animals. For example, the Ostrich Dinosaur was adapted for running, 
the Ichthyosaur for life in the sea, the Tyrannosaur for preying on 
large animals, the Pterodactyl for flight, and so on. But all the former 
list of animals are mammals, all the latter were reptiles. The mammals 
are higher in that they possess proper temperature regulation, for 
instance, and better pre-natal care of their young, as well as in many 
other points. Thus, while the types of specialization, or of adaptation 
to particular modes of Hfe, are somewhat similar in the two cases, 
yet each member of the first group is higher than any member of the 
second, because its general organization is on a more efficient level. 

Whenever a new group of animals is evolved, it is found that its 
members soon become specialized in different directions, thus filling 
up different vacant places in the economy of Nature. This adaptation 
to different modes of life, while, as we have seen, we call it speciaUza-- 
tion when we are thinking only of one species of animal, is called 
adaptive radiation when we are thinking of the group as a whole. All 
fish, for instance, breathe by gills, possess fins as limbs, and have other 
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type (Jaguar), preying on herbivorous Tapir. 12-14 and 23, Edentates: (12) Armadillo; (13) Scaly Anteater; (14) Glypto- 
dont; (23) Sloth (arboreal). 15 and 16, Rodents: (15) Beaver; (16) Flying Squirrel. (17) An Insectivore (Hedgehog). 18-20, 
Marine forms: (18) a marine Carnivore (Seal); (19) a herbivorous Sirenian (Dugong); (20) a Cetacean (Killer Whale). 
(21) An aerial form (Bat). (22) A Primate (Orang Outang). Primitive man in background. 1, 3, 4, 9 and 14 are extinct types. 

5 is extinct, but the elephant type survives. 
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characteristics in common, so that any member of the group can he 
at once recognized by a brief examination of its structure. Yet the 
detailed form of different species of fish is extremely varied. Besides 
the ordinary type of active, free-swimming fish, like the herring or 
trout or mackerel, there are fish flattened in adaptation to life on the 
bottom, some flattened sideways, like the sole and plaice, others 
flattened from above downwards, like the skates and rays; there are 
elongated fish like eels and pipe-fish; there are fish with prehensile 
tails, hke the sea-horse; there are the flying-fish adapted for leaping 
long distances out of the water; mottled fish of irregular outline 
adapted for hving on rocks; deep-sea fish with wonderful phos- 
phorescent organs for searchlights and huge eyes for perceiving the 
faintest trace of Hght; cave-fish without eyes at all; sucker-fish adapted 
for sticking tight to the imderside of stones, or for being carried about 
by larger fish without expending any energy themselves; and so on 
and so forth through almost every conceivable sort of form possible 
in an under-water existence. 

The examples previously mentioned give an idea of some of the 
adaptive radiation which has taken place in reptiles and in mammals; 
very similar instances could be taken from any other large group, 
such, for instance, as the insects. It is interesting to take any such 
group and to see what part adaptive radiation has played in giving 
rise to the main sub-groups into which it is divided (Figs. 58, 59). 

There is one particular form of specialization which we have not so 
far mentioned; and that is the retrograde form of specialization known 
as degeneration. There are many cases known where animals can be 
definitely shown to be less highly organized today than were their 
ancestors in the past. The animal known as Sacculina, for instance, is 
a parasite upon various sorts of crabs. It consists of a mere bag filled 
with litde else but reproductive cells, and sending out a whole series 
of branched roots which penetrate the crab’s body in all directions 
and suck nourishment out of it. At first sight, the relationships of this 
unpleasant creature are very difficult to determine. But when its 
development is investigated, it is found that it hatches out of the egg 
as a free-swimming larva exacdy Hke those found in many Crustacea. 
It has jointed Hmbs, an external skeleton made of chitin, and in fact 
bears all the distinguishing marks that other Crustacea do, be they 
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crabs or lobsters or shrimps or water fleas. It is, in fact, a crustacean 
which has become adapted to a parasitic life; and in so doing it has 
acquired special adaptations, such as the root-like organs, specially 
suited to that life, while it has lost sense organs, limbs, digestive 
system, and ever^^thing else necessary for leading a free and indepen- 
dent existence. It has lost more than it has gained, its organization has 
become simpler, its independence less; in fact, it has gone down the 
evolutionary hill, and the direction of its history has been in most 
ways the opposite of the direction which characterizes biological 
progress (Fig. 1). 

The form in which Sacculina hatches out resembles in general 
many crustacean larvae; but it is particularly like the early stages of the 
animals known as barnacles. Every one who has been to the seaside 
knows what an acorn barnacle looks like — a Uttle creature attached to 
rocks or piles, enclosed in a white shell, and capable of sending out of 
a sUt in the top of the shell a regular sweep-net composed of a number 
of “arms’’ — really appendages — ^with which it drags minute floating 
particles of food in towards its mouth. 

Even in the adult state a barnacle shows some resemblance to 
ordinary Crustacea, especially in its jointed Hmbs and chitinous 
external skeleton; the early free-swimming larva clinches the matter 
and gives complete proof, as in the case of Sacculina, of their crusta- 
cean nature and aflinities. The very close resemblance of the larva of 
barnacles to that of Sacculina points to an especially close connexion 
between the two sorts of animals; and as a matter of fact, the two are 
undoubtedly descended from a common stock. 

The barnacle is degenerate as well as the SaccuHna, but it is not so 
degenerate. It still, for instance, possesses organs for capturing and 
digesting food. On the other hand, it has lost its organs of special 
sense and of locomotion. Further, it is not adapted to the same general 
mode of life as is Sacculina; it is not parasitic, but sedentary or sessile. 
This settling down and becoming fixed is the other great cause, 
besides parasitism, of degeneration in animals; as would be expected, 
the degeneration due to a sedentary life is rarely so great as that due 
to parasitism, since the sedentary animal does not obtaiu its food 
ready digested as do most parasites. 

It must not be supposed that because the general rule among animals 
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is that time brings change, that therefore time hwarkbly brings 
change. The common lamp-shell Lingula, for instance, has persisted 
without any appreciable change whatever in the structure of its shell 
for the prodigious period of time, certainly over five hundred million 
years, which has elapsed since the Cambrian epoch in the Primary 
period. Even w^hen individual species have changed, the general 
characters of groups have often persisted with very little modification, 
as, for instance, those of dragon flics since the coal-measures, of 
shark-like fish since tlie Silurian. 

In some cases this may mean that for some unknowm reason the 
species or the group has lost the power of var^nng to any considerable 
extent. More often, probably, it so admirably fills one particular 
niche in the order of things, and a niche which stays the same through- 
out the geological periods, that it pays for the animal or the group of 
animals to stay as they are, leaving it to other groups or to other 
branches of the same group to colonize new niches and to progress 
towards fuller existence. 

To sum up, we may say that two main types of evolutionary 
change result in animals (and also, as a matter of fact, in plants) firom 
the struggle for existence and the constant appearance of inlieritable 
variations. In the first place, once a new type or plan of structure has 
been evolved, it undergoes adaptive radiation; in other words, there 
are developed a number of separate species all built on the same general 
ground plan, but adapted to different and usually incompatible modes 
of life. In the second place, new types and new plans are continually 
appearing as time goes on, and progress is marked by die fact that 
among the later-evolved types there is to be found greater com- 
plexity of organization, greater control and independence of 
environment, than among the earlier. 

It might perhaps be thought that specialization was often the same 
thing as progress. Specialization, however, implies close adaptation 
to one particular mode of life, wMe progress means greater general 
efficiency. If we look into die actual history of animals in the past, we 
find that specialization in one direction involves the sacrifice of 
possible advance in other directions, and is a barrier in the long run 
to any but a quite limited degree of progress. As a result of its long 
course of specialization, extending for tens of millions of years 
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through the better part of the Tertiary epoch, a specialization ah 
tending towards greater efficiency in running and browsing, the 
horse stock has, it seems, cut itself off from the possibility of adapting 
itself to other modes of life — to a life in the water or in the trees, or 
to a carnivorous habit. There is a limit to the perfection which any 
line of specialization can attain. While the horse was growing larger, 
developing hoofs, reducing the number of its digits, another and 
wholly different type was being evolved in the person of man. If it 
were not that horses are useful to man, and are accordingly domes- 
ticated, they would now be wholly or almost wholly extinct. The 
‘natural’’ enemies of the horse are the large carnivores. These are 
built on the same general plan as the horse — the mammalian — and 
indeed are the results of the speciahzation of the same plan in another 
direction. The same limits are thus set to them as to the horse stock. 
Before the advent of man, a state of equilibrium existed between the 
horse and its enemies, the latter not able to destroy the former entirely, 
the first not able to escape the payment of some toll to the second. 

But the horse came up against the wholly new biological conditions 
introduced by the new type, man; it was in direct conflict with man’s 
cunning and tools and his habit of hunting in bands; still more 
important, it had to compete with the indirect effects of the new 
development, such as the settlement and cultivation and enclosure of 
the land. Against all this the horse was powerless. It could not develop 
far enough or fast enough to adapt itself to such sudden changes, 
and as a result it is becoming extinct as a wild species. 

Over and over again the same thing happens, and the specialized 
representative of the old type, plant or animal, is extinguished in 
competition with the specialized representative of the new. For tree- 
like representatives of the horse-tail type, which existed in the 
Carboniferous period, we have seed-bearing trees today; for ptero- 
dactyls, birds and bats; for dinosaurs, the large mammals; for the 
large early amphibians, the Stegocephalia, we have crocodiles; for 
the abundance, both in numbers and in species, of the larger mammals 
in the Pliocene, we have the multifarious activities of the swarms of 
man. 

The new type seems always to have arisen from some compara- 
tively unspecialized branch of the old, and to have attained its pre- 
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eminence by means of adaptations towards general instead of towards 
special efSciency. Man has ousted the other mammals from their 
dominant position owing to the development of liis mind. Through 
his particular type of mind he is able to deal rationally with the 
problems that confront him; tools, machines, tradition, civilization, 
and unexampled control and independence have been the result. 
The human mind is not merely adapted for solving one or two parti- 
cular problems; it represents a method more eiEcient than any 
previously adopted for dealing with any and cverv' problem that 
may confront an organism. 

Man’s body is not highly specialized, and he seems to have arisen, 
through a monkey-like ancestor, from some unspecialized early 
mammalian stock Uke the Insectivores. Nor did the early mammals 
show any signs of specialization. All the fossil mammals that we know 
of during die time when the great period of reptilian dominance and 
specialization lasted were small, primitive creatures, at first sight not 
Hkely to wrest die palm from their powerful rivals. 

Very similar chains of events may be seen taking place in the 
evolution of human machines and inventions. Take, for example, the 
history of transport. The most primitive method was the carrying 
of single loads by human beings or pack-animals. After that came 
the invention of vehicles in general and of wheeled vehicles in partic- 
ular. The wheeled vehicle became specialized (“adaptive radiation”) 
in innumerable ways. We have the war chariot; the rapid vehicle for 
passenger transport and for pleasure; the heavy wagon and cart; the 
van and pantechnicon; the four-in-hand mail coaches bowling daily 
at fixed hours along the main roads of the land. A limit w'as set to the 
capacity and the speed of such vehicles by the speed and strength of 
beasts of burden on the one hand, and by the imperfections of road 
surface on the other. 

At the beginning of last century a new type of vehicle was evolved 
for wliich these limitations no longer existed. It W’as discovered how 
to replace the energy of animals by that of steam, and in large part 
to overcome the difficulties of surface friction by making the wheels 
of the vehicles run on metal rails. As a result, steam locomotives 
became for certain purposes the “dominant type” of vehicle within 
an extremely short period of time. 

M.S.T. — 
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Here again die type itself has been improved, so that we have now 
for some time been close to the limit of its possibilities. It does not 
seem possible to run a profitable service at speeds of much over sixty 
miles an hour. 

About half a century later a new plan was evolved. The internal 
combustion engine was produced, and gave certain great advantages, 
notably in being ready to start at once without the long preparation 
of “getting steam up.” It appears to be the fate of new types to lead 
a precarious existence for a considerable time before they can compete 
successfully with the dominant types of the period. This was so, as 
we saw, with the earliest mammals; it was so for the steam engine; 
and it was so, to a very marked degree, for the internal combustion 
engines. They were laughed at when their inventors took them out 
on the roads; the law laid down that they should be preceded by a 
man with a red flag; the early defects in construction did actually 
occasion many a breakdown. But within thirty years they came into 
their own. 

Meanwhile, still another competitor is in the field — the flying 
machine, a totally new type, abandoning not only the particular 
device of the wheel, but the whole element to which the wheel was 
adapted. It looks as if in certain respects, where speed is the main 
object, the aeroplane would become the dominant type of vehicle; 
but that it would leave the major part of transport to be dealt with 
by train and by motor. 

Another interesting parallel with the evolution of organisms is 
found in the fact that although there has been progress, although the 
dominant type of vehicle has altered with the passage of time, yet 
many representatives of the old types have survived. They have 
managed to survive by becoming restricted to a few special conditions 
and places. Pack-ammals, for instance, while once universal, are now 
only employed in mountainous or roadless countries. The American 
buggy is still of the greatest use over the unmade roads which are 
still to be found in so many parts of the United States. The horse™ 
drawm vehicle will long hold its own in businesses in which not much 
capital is available, and speed and great power are not of the first 
importance. This survival of all or almost all the types that arise in 
evolution, even though new types arise and supremacy changes 
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hands, is of general occurrence in the development of animals and 
plants, and is at first sight Yery puzzling. However, the insight which 
is gained by looking, as we have done, into the evolution of sometliing 
familiar and human like the means of locomotion, helps us to under- 
stand the more complex and slower-moving processes of organic 
evolution. 

Another point which is brought out by the study of the develop- 
ment of some human contrivance such as the means of transport, 
is the great speed of change now possible in human affairs as against 
the slowness of change prevailing in lower organisms. The whole 
period from the stage-coach to the aeroplane is comprised in well 
imder two centuries. The resulting change in human habits has been 
enormous; to produce comparable changes in the habits of an animal 
stock there would be needed a period certainly to be reckoned in 
tens of thousands, possibly in millions of years. 

On the other hand, the evolution of machines is a perfectly real 
evolution. Two different types of machines capable of performing 
the same general function — such, for instance, as the motor lorry 
and the goods steam engine — do come into a very real competition 
with each other, and the issue of the struggle is decided by a form of 
true natural selection, depending in the long run upon which of die 
two pays the better. Here again the study of machines throws light 
upon the course of events in animals. It is often supposed that evolu- 
tion must involve some conscious effort on the part of the evolving 
organism, that the struggle for existence is a conscious struggle, or 
that a species in some mysterious way ‘learns’^ how to develop some 
new improvement in its structure. 

As a matter of fact, almost the whole of such ideas are purely 
metaphorical, and arise simply because we read the processes of our 
own minds into the operations of nature; it is not scientifically correct 
to speak, for instance, o£ purpose except in relation to human minds. 
We see at once that the machines have no idea themselves of the 
direction of their evolution, that the “struggle’* between them is only 
a metaphorical struggle, that the selection between them is, so far 
as they are concerned, a mere sifting process, the issue of which 
depends upon the advantages or disadvantages which they may 
happen to possess. 
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It is the same with organisms. If two races of animals come into 
competition, the issue is decided by the qualities which each happens 
to possess; “natural selection” is a name for the effect exerted by all 
the forces of the environment with which they come into relation, 
an effect which acts again like an automatic sieve, and lets some 
through to perpetuate themselves, keeps back and so extinguishes 
others. The “struggle” and the “competition” are again usually 
metaphorical only. For instance, when the common house sparrow 
was introduced into America, it entered into competition with many 
of the small sparrow-like birds which had developed in that country. 
But the struggle did not take the form of a war between the invader 
and the original inhabitants. It was an indirect struggle, due to the 
fact that bodi lived upon the same sort of food, both occupied the 
same sort of sites. The European sparrow happened to be endowed 
with qualities which gave it an advantage, and as a result it has spread 
enormously over the American continent, while many of the native 
birds have correspondingly decreased. If we wish to use a human 
metaphor, we can say that its success has been the result of “peaceful 
penetration,” not of fighting. 

The difference between machines and organisms, of course, is that 
the machines are directly designed by man, whereas the place of the 
designer in animal evolution is (roughly) taken by the variation which 
seems to be universal in organisms. It is variation which provides 
the raw differences upon which the sieve of natural selection can 
work. Mention must also be made of the theories of evolution which 
are summed up under the term orthogenesis, which means evolution 
in straight lines. It is frequently found, as for instance in the develop- 
ment of the horses or of the elephants, that evolution as revealed by 
fossils proceeds straight onward through geological time in a 
perfectly definite direction — ^in the horses towards single toes and 
hoofs, in the elephants towards great bulk, tusks and trunk. Ortho- 
genesis is sometimes used merely as a descriptive term, to denote this 
observed fact of straight-line evolution. But by others it is used to 
mean that there exists some inner necessity for the evolutionary line 
in question to develop in just that one way and no other. However, 
a series of fossils, even if beautifully complete, can really give us no 
insight into the method by which its evolution occurred. Whenever 
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the direction in which the series is evolving is adaptive or seems 
biologically advantageous, die orthogenetic series can be perfectly 
well explained by natural selection. On the other hand, there do exist 
cases where at least no advantage can be perceived by us in the direc- 
tion pursued. This is so, for instance, as regards the ammonites, the 
extinct cephalopod molluscs which died out near the end of the 
Secondary period. Near the close of their time on earth, they often 
evolved ordiogenetically into the most bizarre forms, their spiral 
shell becoming unwound, or irregular. Possibly in such cases a real 
causal orthogenesis, an inwardly determined mode of variation, is 
at work. But we are justified in saying that such cases, if dicy occur 
at all, are certainly rare. 



CHAPTER TWELVE 


THE RESULTS OF EVOLUTION : 

THE ANIMAL KINGDOM 

W E SEE THE thousands of different kinds of animals that exist, 
and are apt to become overwhelmed with the detail. Each is 
unique, full of interesting points ; one type may be extremely different 
from another. It looks at first sight as if we were dealing with facts 
in masses too great to be properly assimilated. 

But, wliile the facts are in a sense infinite and our understanding of 
them must always remain incomplete, yet we can reduce the apparent 
chaos to order, can get some mental grip on it as a whole, by means 
of a few general ideas and principles which lie ready to our hands. 

For the present purpose the general principles are three, all depend- 
ing upon the central idea of evolution. First, if evolution has taken 
place, some animals wiU be closer blood relations, some more distant; 
and by examining likenesses and differences, we can obtain a measure 
of die relationship. By classifying animals according to their like- 
nesses into groups of various sizes, we can put any particular species 
in a labelled pigeon-hole, so to speak, where it can always be found 
again if it is wanted. What is more, since such groups represent 
collections of related species, our method of pigeon-holing has reality 
behind it, and we have a natural classification. . 

Working on these lines, zoologists classify the whole animal 
kingdom into about a dozen main groups or Phyla, The most familiar 
phylum is that of the backboned animals, to which man belongs — 
the vertebrates, or more accurately Chordates — ^while the insects 
belong to the group of animals with many-jointed limbs, the Arthro- 
pods; the jelly-fish to the group which possesses only one cavity to 
fulfil the function both of gut and body cavity, the Coelenterates; 
and so forth. Each phylum is subdivided into classes, the classes into 
orders, and so down to families, genera, and species. In this scheme 
every animal has two names, that of the genus coming first, and 
serving as a surname, that of the species following, serving as a 
Christian name. This method of naming was invented by Linnaeus, 
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die great Swedish naturalist of the eighteenth century. Before his 
time, some animals were known only by the single familiar name 
like cat or pig, which led to confusion between different kinds ot 
cats or pigs; or, in an attempt to remedy this, by a regular description 
(just like the long ‘‘name” of the village in Anglesea which is really 
a description, and has been cut down by the practical post office to 
a real name, Llanfair P.G,). We must give names for things before 
we can know what we are talking about, and Linnaeus’s system ot 
naming animals and plants was a great step forward. 

In this way, then, wlien any species has been properly looked at 
and investigated, it can be put in its right place in the scheme, and ii 
we know certain essentials about the characters of the main groups, 
we know a good deal about the sort of animal which the particular 
species is, and also about its relatives, their number and chief charac- 
teristics. 

The second (as also the third) principle which will help in ordering 
the facts, is concerned not with the animal’s blood relationships, but 
with its interconnexions with its environment. Animals may evolve, 
but their evolution must always bear a close relation to the forces 
around it. The result of this is adaptation: animals (and, of course, 
plants too) always show some suitability to the particular conditions 
in which they live. They also are fitted to the general conditions 
which characterize our particular planet. The planet Jupiter is so 
much larger than the earth that tlie force of gravity on its surface is 
about 2-64 times as much as with us. If Ufe could exist on its surface 
(which at present it probably could not) this difference in the force 
of gravity would have necessitated various special developments. Any 
Jovian land animals would have to be of a very different type from 
those on earth; creatures like horses or deer would be physical impos- 
sibilities, and great stumpy legs would be a necessity for existence. 
As to aerial winged animals, they might be wholly impossible; in 
any case, none using any flying mechanism found among the aerial 
forms we know could reach more than a very small size. 

Or again, no known animal has any special sense organ for detect- 
ing X-rays, or any protection from X-rays, although rays of this 
short wave-length are very harmful to life. Why? For the simple 
reason that X-rays do not exist in nature on the earth. We have not 
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Fig. 60. A diagram of the probable relationships of the main groups of the 
f iriiTnql kingdom. Some of the main steps in evolutionary advance are indicated 
at the side. A dotted line leading to a group indicates the position of the group 
is doubtful. Descending lines indicate evolutionary degeneration. 




THE ANIMAL KINGDOM 



Fig. 61. A diagram of the probable relatiomhips of the main groups of the 
vertebrates (Chordata), Some of the main steps in evolutionary advance are 
indicated at the side. 
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even any sense organs for telling a live rail or wire from one along 
which no electric current is passing, and many deaths occur each 
year in consequence. Although very big alterations of the environ- 
ment are there all round the current, we cannot perceive them because 
in nature electric disturbances are either trivial in extent, or else 
occasional and uncontrollable like the lightning. 

The third principle has already been touched on — biological progress. 
It is in a sense a special case of adaptation, but it is of importance since 
it enables us to think of liigher and lower animals as well as mere 
relationship or special adaptation. 

We suppose then that life, starting in some very simple and prob- 
ably tiny form, has gradually evolved since the day when it first 
appeared on earth, probably between one and three thousands of 
millions of years. It has evolved into the huge number of species — 
close to a million — that are known today, as well as those, probably 
a far greater number, which have become extinct on the voyage 
through time. 

The fundamental characteristics of life, its power of metabolism, 
assimilation and consequent growth and reproduction, are found in 
all creatures. Their other characters, almost without exception, are 
the outward and visible sign of the mode of life they need, imposed 
upon them by the necessities of existence. 

With these main ideas in mind, we may turn to the actual animal 
kingdom as it exists today and in the record of fossil species, and see 
what we can make of it (Figs. 60, 61). 

Nothing certain is known — ^probably nothing ever will be — about 
the form in which living matter originally existed on earth. It is pretty 
clear, however, that the units must have been small, and that one of 
the earliest types of organization evolved was what we may call the 
cellular, in which the whole animal or plant consisted of a single cell 
with a single nucleus. This fundamental type, although with great 
diversity of detail, is found in the great group of Protozoa, all of 
which are essentially single cells or quite simple colonies of cells. 

Such a unit can never be much enlarged, for the simple reason that 
as its mass — ^that which has to be fed and provided with oxygen — 
increases as the cube of its radius, its surface — through which its food 
and its oxygen must come — ^increases only as the square. If a Protozoan 
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should treble its diameter without changing its shape, it would have 
multiplied its surface by nine, but its bulk by twenty-seven — three 
times as much. It is as if an island depending on imported food were 
to increase the population to be fed without a corresponding increase 



Fig. 62. To illustrate (a) the complexity which may be 
attained by unicellular organisms; (b) parasitism in 
Protozoa. The figures represent the Ciliate Styhnychia 
mytHus infested with parasitic Acinetans. Stylonychia 
possesses a special band of large cilia beating towards 
the gullet, long stiff cilia at the sides, and on the ventral 
surface large, often bent, organs consisting of several 
cilia fused together, by means of which it creeps over 
the substratum. P, parasitic Acinetans (Protozoa related 
to the Ciliates). These multiply within the host, 
and liberate small ciliated forms (c.e.) for dispersal. 

(Minchin, Introduction to the Study of the Protozoa.) 

in docks, ports, and other import facilities. In spite of smaE size, 
however, some Protozoa attain very considerable complexity (Fig. 
62 ). 

Various methods for circmiiventing this Hmitation are found 
among Protozoa. In some the body becomes elongated, in others 
partly divided into a series of chambers, in others again, flattened and 
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ribbon-iike; the number of nuclei in the cell is often correspondingly 
increased. But this never leads to any size which we could dignify 
as even moderate; and few are the Protozoa which are visible to the 
naked eye. 

A great number are parasitic, and some are the active causes of 
serious diseases, such as malaria, sleeping sickness, and one kind of 
dysentery. Some are even parasitic upon other Protozoa (Fig. 62). 

Reproduction is by fission, usually, as in the cells of our own body, 
by equal fission; sometimes by multiple fission. In most species at 
least, a form of sexual reproduction occurs at regular or irregular 
intervals. It is interesting that in a number of cases the conjugating 
cells, instead of being sharply distinguished into male and female, as 
with the sperm and eggs of higher forms, are nearly or even wholly 
alike. Thus, the Protozoa teach us that the essential thing about sexual 
reproduction is not the existence of two sexes, but the union of two 
nuclei into one (Fig. 63). 

One of the facts about Protozoa most curious at first sight is that 
in them natural death does not exist, or at any rate only affects small 
parts of the body. When they divide, or when they undergo sexual 
fusion, notliing is left which can be compared to a corpse, and the 
substance of the original individual becomes directly transformed 
into two new individuals. The only death is accidental death, due to 
enemies or to bad conditions. Natural death has not yet appeared. 

Increased size (up to a certain but very large limit) is obviously in 
many ways of biological advantage. A larger organism is less at the 
mercy of external agencies, less liable to the attacks of enemies. It is 
only when bulk is very great that serious disadvantages arise. 

Many bacteria are so small that they still show “Brownian move- 
ment’’; in other words, their mass is so little larger than that of a 
molecule that the random movements of the molecules of the liquid 
in which they live can batter them and throw them from side to 
side. In most Protozoa and aU higher animals this is no longer possible. 

The force of surface tension is enough to catch and hold fast many 
small insects if they fall on to still water, while no vertebrate has to 
face this inconvenience. Or again, the fastest-swimming Protozoa, 
or the little Crustacea called Copepods, or the larvae of crabs and 
lobsters, are powerless in the ocean currents which a herring or a 
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Fig, 63. Structure and life-cycle of a Protozoan (Copromonas). The anima! is 
a cell with a single nucleus (N), and a long whip-lash or dagellum (tr.) with 
which it swims. Food (/p.) is taken in at the mouth (cst.) into the gullet {cph,} 
and comes to lie in the protoplasm of the cell. B, C, D, asexual multiplication 
by simple fission. In B, the nucleus is dividing; in C, the body has begun to 
divide; in D, division is just completed. 2-8, sexual fusion. Two similar indi- 
viduals become attached (2) and behave as gametes, fusing their cell bodies 
(3-6) and nuclei (7) to form a single cell or zygote. After passing through a 
resting stage (7) this emerges (8) and growls up to the normal form (A) once 
more. Sometimes, as at F, the zygote does not pass through the resting stage; 
at other times a normal individual passes directly into a resting stage (A-7) 
without sexual fusion. 
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mackerel breasts with ease, while the elephant or the deer crashes 
through saplings each of which is a world to hundreds of small 
creatures- 

A method adopted by many Protozoa for reaping some of the 



Fig. 64. A Protozoan Colony, without division of labour. The animal 
Codosiga belongs to the Choanoflagellates, a group of Flagellates in which 
a transparent collar of protoplasm surrounds the flagellum. The same 
arrangement is found in the cells of the inner layer of sponges. The colony 
is formed through the failure of the daughter individuals to become 
completely separated after fission. 

advantages of size without the necessity for enlarging the individual 
cells is the formation of colonies. When fixed, these can produce 
strong feeding currents by the united action of all their cells, and can 
raise themselves on a common stalk beyond the competition of the 
common herd of non-colonial unicellular animals and plants on the 
surface of the same stick or stone, while, when free-swimming, they 
can develop greater speed (Fig. 64), 

Sometimes a division of labour is found between different indi- 
viduals of the colony, some serving for locomotion and feeding, 
others solely for reproduction. When this is so, it is really hard to say 
whether the colony is to be considered as a simple colony, a mere 



THE ANIMAL KINGDOM 


aggregate; or as itself individual — a compound individual of a 
different grade from the single cells which compose it (Fig. 65). 

Although the actual links are missing, there can be little doubt 
that all higher animals arose from Protozoa in this kind of way — by 
the aggregation of a number of cells into a colony, followed by a 
division of labour in the colony, first 
between reproductive cells and the 
others, which now merit the name of 
somatic or body-cells, and finally, by a <3^? 
further division of labour among the 

somatic cells into two layers, the outer 533 

protective and the inner nutritive. ^ 

This particular step in evolution 
seems to have been taken twice over ^ ^ 

by different animals, leading on in one 
case to the sponges, in the other to the 

whole of the rest of the animal king- ^ 

Sponges are almost unique among 
animals for diey have no mouth. 

They feed, as do so many of the I" 

smaller aquatic creatures, on micro- \ 

scopic particles of food extracted from // 

a current which the animal passes | 

through its body. In a sponge the cur- 

rent is sucked in through a great num- ^ ^ Protozoan, 

her of microscopic pores, and shot out Zoathamniutn, in which divi- 
at a single large opening, the osculutn sion of labour has taken place, 
(Fig. 66). Feeding is done by the bell- 

The ceUs that make the current are individuals, while the 

of a strange and mterestmg type, found ^produce the colony, 

nowhere else except in one small group 

of Protozoa. They each have a single actively beating flagellum, and 
are called collar ceils because this is surrounded by a delicate, living, 
transparent funnel or collar, wliich seems to help entangle food 
particles (Fig. 64). 

Each of the collar cells feeds separately from all the otliers; there 


Fig. 65. A colonial Protozoan, 
Zoothamnium^ in which divi- 
sion of labour has taken place. 
Feeding is done by the bell- 
shaped individuals, while the 
larger, round individuals re- 
produce the colony. 
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is no proper digestive cavity, no common function of digestion for 
the whole animal. In this the sponges betray how little they have 
advanced from a mere colony of separate cell umts. The products of 
digestion diffuse out from the collar cells to other parts of the sponge, 

or^niav be transported by special wandering cells. 

No sponges possess any sense organs or nerves, and the only move- 
ments they can execute are slow closures and openings of the osculum 
and pores. As might therefore be expected, they are all permmently 
fixed to the bottom throughout adult Hfe. Their characteristic form 
is tnio-STifainerl by a skeleton of spicules or fibres. Our bath sponges, 
like man y other species, are colonial, composed of a large number of 
sponge bodies aggregated together. This can be seen from the fact 
that they possess many oscula instead of only one. 

The sponges thus represent an early side-line in evolution, along 
which Hfe never developed far. They are often put in a group 
Parazoa, as distinguished from the true Metazoa or ah the rest of the 

many-cetted animals. „ 

In the evolution of the Metazoa one of the earliest inventions 
must have been that of a mouth leading into a primitive digestive 
cavity. This enabled Metazoa to tackle relatively large ammals and 
plants as prey, whereas a sponge, by its whole construction, can never 
rise above microscopic particles— sifting the water for the sake of its 
debris as men sift rubbish heaps for the few useful objects they may 

contain. .,.11. 

Metazoa, too, must have been fixed and sessile animals at the start, 

only later arriving at the emancipation of a free-swimming existence. 
Their simplest representatives are all put in the phylum Coelenterata. 
A primitive coelenterate is essentially a small bag or tube, its warn 
made of two sheets of cells. It is fixed at one end, and has a mouth, 
surrounded by tentacles, at the other. The mouth leads into a cavity 
called the coelenteron, because it fiiMs the functions both of the 
codom and of the enteron or gut of higher forms. 

Such a type is illustrated in the common freshwater polyp Hydra, 
which catches water-fleas and such-like (relatively) large prey as it 
droops from a water plant with hanging net of extended tenucles. 
The prey is held and paralysed by a strange device. All over Ae body, 
and especially on the tentacles, are numbers of “thread cells,” capable 
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when stimulated of throwing out a hollow barbed thread containing 

poison. These thread cells occur throughout the group; in some of the 

larger species, such as large jelly-fish, they can inflict implcasanc 

damage on man, and even those 

of a sea-anemone can pierce our A \ 

skin and make it tingle (Fig. 67). j i Ij / 

In yet another respect even the 1 j |l 'jWX 

lowest coeleiiterates are more jr 

vanccd than the sponges; tliey ^ 
have muscles all along the body, 

so that the whole animal and not / ^ 

only isolated parts can be ex- 

panded or contracted. These mus- 1 1 v/ 

cles, however, are (at least, in the 0 

lower coelenterates) of a very 

primitive nature, since they are 

only the imier ends of the epi- 

therial cells forming the chief bulk 

of the two layers of the animal, ''‘""■''sx — 

Division of labour has not gone 

so far as in higher forms: the same 

cell contracts with one part of 

itself, protects or digests with the 

rest. So a viUage shop often per- ^6 A young Calcareous sponge 

forms post ofEce functions m one osctiium, from which the water is 

part, grocery functions in another, discharged which is taken in at the 
and stationery functions in a third, numerous pores, p. sp^, long rod- 
while in a town there will be like spicules, serving mainly for pro- 

separate sliops for each function. 

^ 11 r 1 spicules embedded m the body wall 

Most, if not all, of the group serving mainly for support. The 
possess nerves, and at least scat- animal is permanently fixed by the 
tered sense organs for perceiving end opposite the oscnlum. The 
touch stimuli. aw™al grows largely by the addi- 

The most important contribu- dfimble-stoped outgrow^, 

. , ^ , the fiagellated chambers, the first 

non made by coelenterates to of which is seen in the centre of 

evolution was perhaps the first (Cambridge Natural His- 

emancipation of Metazoa from a mry, VoL 1, 1906.) 


Fig. 66. A yotmg Calcareous sponge 
(Sycon) soon after metamorphosis. 
0 , oscuium, from which the water is 
discharged which is taken in at the 
numerous pores, p. sp^, long rod- 
like spicules, serving mainly for pro- 
tection. smaller three-rayed 
spicules embedded in tbe body wall 
and serving mainly for support. The 
animal is permanently fixed by the 
end opposite the oscuium. The 
animal grows largely by tbe addi- 
tion of thimble-shaped outgrowths, 
the fiagellated chambers, the first 
row of which is seen in the centre of 
the body. (Cambridge Natural His- 
tory^ VoL 1, 1906.) 
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fixed existence on the bottom or attached to water plants or floating 
objects to become free-swimming. 

Imagine a polyp like Hydra turned upside-down, the jelly between 
the two cell layers much thickened, and the region between mouth 
and tentacles pulled out. This would give a fair idea of the way in 
which a typical free-swimming coelenterate is constructed. Such 




Fig. 67. (a) A portion of a tentacle of Hydra, magnified, 
showing a number of stinging capsules (nematocysts) 
contained within the cells (thread cells) which have 
formed them. From these cells project trigger hairs, c/, 
whose stimulation probably causes the discharge of the 
thread coiled up within the stinging capsule. The central 
cavity of the tentacle, which communicates with the 
general cavity of the body, is seen, and the two layers of 
cells, endoderm and ectoderm, which surround it. (b) The 
aquatic larva of an insect after being captured by a Hydra. 
It is stuck all over with stinging capsules. Their threads 
have been discharged into the animal’s tissues, and their 
basal barbs are seen. (Hegner, Introduction to Zoology ^ 
1910.) 
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animals are called Medusa, or jelly-jSsh (Fig. 69). While the smallest 
are microscopic, many are over a foot across, and a few are much 
larger still (up to nearly 8 feet in Cyanea) and must weigh at least 
half a ton. 

In spite of their size, however, their swimming is of a rudimentar}’ 



Fig. 68. Diagram of the nerve-net in a Hydroid Polyp. The thick black 
lines represent the outer and inner margins of the body wall. The nerve- 
net is figured in surface view over one tentacle (on the right), the base of 
the mouth, and the main part of the body and stalk. Note the absence of 
any central nervous system, but the greater concentration of the net in the 
more sensitive mouth region. The black dots on the nerve-net are bodies 
of nerve-cells. The hemispherical black bodies in the tentacles are nettle 

cells. 

kind. They are never swimming anywhere in particular, but drift 
near the surface of the sea; all their muscular energy is devoted to 
preventing themselves from sinking. Almost the only movement they 
can execute is the simple contraction of the bell, more strongly or less 
strongly according to circumstances. Accordingly, they have no need 
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Fig. 69. A Hydroid Polyp (Bougainvillea), (a) A small colony, natural size. 

■ Note the root-hke stolons acting as hold-fasts, (b) A portion of a colony, ma^- 
fied, showing nutritive individuals or hydranths (hyd.) and sexual fre^swim- 
ming individuals or medusx (med.) in various stages of formation. The mdi- 
vidimb are aU joined to a common stem, through the whole of which rum a 
common cavity (ent. cav.)-, the colony is supported and protected by a thm, 
homy skeleton (m.). (c) A medusa or jelly-fish after bemg detached from die 
colony. The mouth is in the centre of the handl^like stracture (mnb.) which 
protrudes downwards into the hollow of the swimming bell. Four radiating 
rdnak (rod. c.) Connect the stomach above the mouth with a circdM ca^ 
(dr. c.). At the base of each pair of tentacles is an eye spot 
organ. (After Allman, from Parker and Haswell, Textbook of Zoology, 1. 1897.) 
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of an elaborated nervous system. As a matter of fact, that wliich they 
and other coelenterates possess is of a primitive type known as a 
nerve-net, in which the sense organs communicate with a network of 
nerve-cells branching all over the body, which in their turn communi- 
cate with the muscles. 



Blg, 70. The anatomy of the Liver Hnke {Distomum hepaticum). (a) Di^es^ 
five and nerpous systems. The gut (black) is much branched. The central 
nervous system consists of a pair of main lateral trunks arising from a 
cerebral ganglion forming a collar round the pharynx. M., mouth. C.G., 
cerebral ganglion. KS., ventral sucker, (b) Reproductive system, AH parts 
of this are branched. G.O., genital aperture. T,, testis. Of., ovary. Y.G., 
yolk gland. SH.C., sheH gland. UT., “uterus” (receptacle where eggs 
develop after fertilization, (c) Much-branched excretory system. Ex,P,, 
excretory aperture, (n) Enlarged view of region near genital aperture. 

The main nervous system of a vertebrate can be compared with an 
elaborate telephone system. The nerve-net is somewhat like, a tele- 
phone system in which every time any receiver was taken off its 
hook all the telephone bells of all the subscribers would start ringing. 
This sounds inconvenient; but, as a matter of fact, as the “subscribers’^ 
are the muscle fibres, and as in jelly-fish they are all engaged in doing 
the same job in the same way, it is a good thing that all of them can 
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be speeded up or slowed down by a single stimulus to one of the 
sense organs. 

In ourselves the intestine has to carry out movements of the same 
sort — the constant succession of peristaltic waves of contraction may 
be slowed, or accelerated, or in rare cases reversed in direction, but 
nothing more elaborate. And it, too, possesses a nerve-net not unlike 
that of the coelenterates. 

If one desires to visuahze evolutionary progress, one may do worse 
than to remember that in its nervous and muscular organization a 
jelly-fish, for all its beauty, is nearly on the level of the human gut. 

Colony formation is very frequent in coelenterates, largely as a 
consequence of die ease with which budding occurs (Fig. 69). Corals 
are coelenterates and coral reefs the accumulation of the skeletons of 
these htde colonial polyps. Although there are very few coral-like 
animals round the Enghsh coasts today, in part of the secondary 
geological period they were abundant. Oxford was near the centre 
of a coral sea, and on the hills round the town one can dig out any 
quantity of fossilized corals (Plate 20 (i)). 

Not only are some medusas very large, but the sea-anemones, too, 
have found means to multiply very considerably the original insig- 
nificant size of the primitive polyp. This they have done by increasing 
the thickness of jelly between their two layers, and by dividing thfir 
enlarged central cavity by a series of strengthening partitions. 

But both these and the jelly-fish seem to have been blind alleys for 
developing Hfe. The main stream flowed elsewhere. 

All Hgher groups abandon the radial symmetry of die coelen- 
terates and are (permanendy or in early stages) bilaterally symmetrical 
and therefore have a definite head end and a back and belly. They also 
all early develop three main layers. The outer produces nervous- 
system, sense organs, and outer skin or epidermis; the inner produces 
the digestive tube and its appendages like digestive glands, etc.; the 
middle produces muscles, connective tissue, reproductive organs, 
blood system, and, in vertebrates, kidneys and skeleton. 

The lowest of these three-layered forms are the flatworms, with 
which we have already become familiar in the person of the Planarian 
(p. 246 and Fig. 40). They possess no skeleton, no respiratory organs, 
no blood system, no body cavity, but only ccUular “packing” round 



THE ANIMAT KINGDOM 329 

the main organs, and only one aperture to the digestive cavity. 
Owing to the absence of blood circulation, they must in the first 
place be flat and leaf-like, to put aU tissues within range of oxygen 
diffusing from the surface. In the second place, they must have their 
gut and all their organs finely branched (Fig. 70). This is necessary 
so that the tissues of all organs may be able to acquire food by diffusion 
directly from the gut. Once a circulator}’’ system was evolved, all 
necessity for this extraordinary branching of organs came to an end. 
The flatworms, however, show a great advance on the coelenterates 
in possessing a definite central nervous system with head ganglia or 
primitive brain. 

Space forbids more than a bare mention of two considerable other 
groups of worms, the round-worms or Nematodes and the Ncmer- 
tines. They are chiefly of interest to us in that they show stages in the 
development of new cavities in their bodies in addition to the di gesti ve 
tube. The round-worms have a spacious cavity which probably 
corresponds to the blood system of higher forms, although there is 
no true circulation in it, while the Nemertines show what is probably 
the beginning of the coelom. In addition, their digestive tubes have 
acquired a second opening, the anus, at the opposite end to the mouth, 
so that the faeces can for the first time in Metazoa pass out at a different 
aperture from that at which the food is taken in. 

The tiny rotifers or wheel animalcules, familiar to ail who use the 
microscope to investigate die population of freshwater ponds and 
ditches, are at about the same level of evolutionary advance as the 
round-worms. They very much resemble the larvas of segmented 
worms and of molluscs, however, and are perhaps to be considered as 
animals wliich have become degenerate by never growing up but 
remaining permanently in an early stage of what was once a longer 
development. 

Save for a few exceptional cases, all the remaining members of the 
animal kingdom, which are sometimes grouped together as Coelo- 
mata, are characterized by the possession of three main layers— an 
anus, a true body cavity or coelom, and a true blood system. 

The advantages accruing from these advances are clear. In die first 
place, the contraction of gut and muscular body wall can now become 
more and more independent of each other, instead of the gut being 
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squeezed or pulled out according to the movements of the whole 
animal. In the second place, a sort of trap is interposed between the 
gut and the rest of the body, in which poisons and actual bacteria 
passing in from the digestive tube can be dealt with. In higher 
vertebrates patches of tissue which produce white blood-corpuscles 
are found scattered over the inner wall of the coelom where it covers 
the intestine; while in many low forms such as worms, many white 
corpuscles laden with waste materials are found in the coelom, there 
to break down, and to be carried away by the excretory organs. 

Thirdly, as the bulk of animals becomes greater, it becomes more 
and more necessary to provide greater absorptive surface in the 
intestine. We have already seen that in any structure which is enlarged 
without alteration of shape, bulk increases as r®, but surface only as 
r\ Thus, it will be of no avail to keep the same proportions of intestine 
as the animal grows larger, but new arrangements must be made for 
making the surface more or less proportional to r®. In some animals, 
like the earth-worm, this is accomplished by a simple infolding of one 
side of the straight gut; in others, like the sharks and dogfish, by a 
spiral valve in the intestine, down which the food must travel, as if 
down a shallow spiral staircase instead of dropping directly down a 
shaft. But in the my ority of large animals the difficulty is surmounted 
by coiling the gut. In a tadpole the intestine is packed like a watch- 
spring; even in man the gut is about four times as long as the whole 
body; while in herbivorous mammals it is often relatively much 
longer. Only by the existence of a space such as the coelom would 
it be possible for the gut to become coiled in this way. 

The whole problem of size in animals is of great interest. As the 
accompanying table (pp. 331-335) shows, the range of size in 
organisms is enormous, a big tree being as many times larger than a 
small bacterium as the sun is larger than the big tree {see p. 331). It is 
startling to find that there exist adult insects, with wings and legs, 
compound eyes and striated muscles, smaller than the human ovum; 
that jelly-fish may reach nearly a ton in weight; that the largest 
elephant has clearance top and bottom inside a whale (Fig. 92); or 
that there are Protozoa larger than the smallest Vertebrates, Many 
problems as to limitations of size are suggested by such a table, 
but they cannot be discussed here. 
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Fig. 71 

TABLE OF COMPARATIVE SIZES 


grams 

10®’ X 1*8 == minimum weight of universe 
10®® X 2 = weight of sun 

1 0®’ X 6 = weight of eartli 

1024x7 == weight of moon 

IQio 

Big trees of California (by volume, c.c.) 

10 ® 

Largest oaks and elms (by volume, cx.) 

Largest whales 

10 « 

Largest Dinosaurs (Brontosaurus, Diplodocus, etc.) 

Largest fish (basking shark) 

10 ’ 

Largest extinct purely terrestrial animals (extinct elephants) 


Note. — The figures are for adult specimens only. (For smallest parasitic 
Protozoa, the full-grown form found in the Vertebrate host has been taken.) 

The sizes are given as weights in grams (except in a few stated cases, where 
volumes in c.c, are given). In most organisms, weight in grams will be close to 
(usually slightly greater than) volume in c.c. It will be seen that the largest 
organisms are 10® as large as the smallest known. The sun is over 10®^ times 
as large as the largest organisms; the whole universe, according to calcuiations 
based on the Einstein theory, at least 10® times as large as the sun. The smallest 
organism is 10^® as large as the smallest known particle of matter. The range of 
size of organisms is therefore over a quarter of the total range of size within the 
universe. 

The size ranges of different groups (number of times the largest exceeds the 
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Largest existing purely terrestrial animals (elephant, rhino- 
ceros) 

Largest molluscs (giant squids) 

10 ® 

Very large cart-horse 

Average cart-horse and cow; red deer, alligator 
Largest jelly-fish (Cyanea arctica) 

Largest flightless birds (moa, aspyornis, large ostrich) 

Very stout man 

Largest lizards (Varanus komodensis) 

10 ^ 

Average man and woman; sheep, wolf 

Largest flying birds (condor, albatross, tame swans) 

Largest bivalve molluscs (Tridacna, etc.) 

Largest arthropods (Japanese spider-crab, very large lobster) 

10 ^ 

Fox, cat; bustard, wild swan 

Fowl, rabbit, largest frogs, largest cell (yolk of aepyomis egg) 
Largest hydroid polyp (Branchiocerianthus) 

Largest Brachiopods (Productus giganteus), largest Echino- 
derms (sea lilies, urchins, sea cucumbers and starfish) 

Largest worms (e.g., Eunice Rousseaui) 

10 ® 

Pigeon, kestrel, herring, rat, bull-frog 

smallest number of the group) are very different. That of the Vertebrates is 
10’-°. Among the Vertebrates the mammals have 10® (land mammals 10’), birds 
10® (flying birds only 10^), fish 10®. The Arthropods have also 10^® (insects 
only 10®). The molluscs and Coelenterates havethelargestvalueof any Metazoan 
groups, viz., 10^^. The Brachiopods, Echinoderms and Rotifers have all small 
ranges (10’, 10® and 10® respectively); that for the Rotifers is only 10^ if the 
small degenerate males are excluded. Worms have a value of 10^®. Free-living 
Protozoa have a range of 10^^, equal to the highest in the Metazoa. If the 
parasitic forms are included, the range is increased 100 times, to^lO^®, thus 
giving the greatest value for any group. 
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10 ^ 

Thrush, sparrow, mouse, common frog 
Largest insects (Goliath beetles) 

Largest spiders (South American bird-eating spider) 

10 ^ 

Wren, willow warbler 
Smallest mammals (pygmy shrew) 

Largest non-colonial Protozoa (Nummulitcs — all now extinct) 
Smallest birds (humming-birds) 

Common earth-worm 

10 ® 

Honey bee; largest ants 
Amphioxus 

Smallest fish (Cyprinodonts, e.g., Heterandria Formosa) 

10-^ 

Smallest vertebrates (tropical frogs, e.g., Phyliobates limbatus) 
House-fly, most ants 

10"2 

Largest British water-flea (Daphnia) 

Hydra fusca, smallest Echinoderm 
Largest Rotifers 

10-3 

Smallest Bracliiopod (Zellania or Thecidia), common flea 
Average Daphnia 

10-4 

Smallest molluscs (e.g.. Acme stussineri) 

Small Daphnia 

Medium-sized human striated muscle-fibre 
Most parasitic Chalcid wasps 

10-5 

Human ovum 

Smallest insects (beetles and parasitic Chalcid wasps) 

Smallest Polychsete worms (e.g., Syllides opisthodonta) 
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Smallest Crustacea (Daphnids) 

Smallest Coelenterate (Microhydra) 

lCh« 

Large Paramecium 

Large sensory neuron of dog (cell-body alone, without axon 
and dendrites) 

Smallest worms (Archiannelids) 

Smallest female Rotifers 

10~’ 

Average Vorticella 

Largest vertebrate red blood corpuscles (amphibian, e.g., 
Amphiuma) 

Smallest male Rotifers (smallest Metazoa) 

Human smooth muscle-fibre from intestine 
Human liver-ceU 

10“« 

Cell-body of small sympathetic neuron (dog) 

Dysentery amoeba 

10-9 

Islet ccU of human pancreas 
Frog’s red blood-corpuscle 
Trypanosome of sleeping sickness 
Human white corpuscles 

10-10 

Human, red blood-corpuscle 
Maximum size of malarial parasite in man 
Human spermatozoon 
Smallest free-living Protozoa (Monas) 

10-11 

Anthrax bacillus 

10-12 


Tubercle bacillus 
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Bacteria (cocci) of pus 

Smallest parasitic Protozoa (Theileria in ox blood-corpuscle) 

10-13 

Average cocci (round bacteria) 

10-14 

Smallest visible bacteria (e.g., Bovine pleuro-pneumonia} 
Spherical objects at limits of microscopic vision (o*2/^) 

10 ”^® 

Small filter-passing organisms (0-1/Li diameter) 

10-16 

? a single hereditary factor (gene) 

10-18 

Haemoglobin molecule 

10-16 

Egg-albumin molecule 

10-20 

Peptone molecule; fat molecule 

10-21 

Glucose molecule 

10-22 

Water molecule 

10-23 

Hydrogen atom 

10-24 

10-26 

10-26 

10-27 

An electron 


10-28 
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One of the most primitive groups of definitely coelomate aniinals 
is the Annehds, or segmented worms. These include the familiar 
earth-worms and their less famiHar small freshwater relatives, the 



Fig. 72. Development from the early larva onwards, of the marine 
Annelid worm Polygordius. (a) The adult worm, dorsal view: ct, 
tentacles; h, head; an, anus, (b) Early larva (trochophore) : e, eye-spot 
on sensory region (apical plate); m, mouth and intestine with 
anus, an. In front of the mouth a circular band of long cilia, (c) Late 
larva. The trunk region has elongated: pttp, larval kidney, (d) The 
larva is metamorphosing into the adult form (lower magnifica- 
tion). The trunk is stiH longer and has become segmented. The 
tentacles have appeared. The head region has decreased in size. 

(e) Anterior region of a Polychaete worm, the common sand- 
worm Nereis. The body-segments bear primitive appendages 
(paxapodia). The parapodia ofthe head region are much modified. 

Tentacles and eyes are present. 

marine group called Polychaetes or “many-bristled,’’ on account of 
their numerous swimming or crawling bristles and spines on each 
segment (the lugworm is a familiar example) ; the leeches, and some 
Httle-known aberrant types. 
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One of die important characteristics which these possess is segmen- 
tation. Of the three highest phyla of animals, the molluscs, arthropods 
and vertebrates, it is no coincidence that two, and die two most 
successful, are segmented. The meaning of segmentation is thus wordi 
some study (Fig. 72). 

All segmented forms are alike in certain respects. They all possess 
a small region in front of the mouth in which die brain, or its first 
evolutionary rudiment, is lodged. The trunk consists of a whole 
series, often a hundred or more, of segments, each one similar to all 
the rest in original plan. These are formed during development in a 
growth zone near the liind end, and this growing-region often 
continues active throughout life. Thus, the trmik region is, in a sense, 
repeated a number of times. Such segmentation is called metmnerk. 

What are the advantages of such a construction? They are several. 
In the first place, the animal obtains any advantages of increased size 
that it would reap through colony formation, but with the fmida- 
mental difference that the numerous identical parts, instead of being 
independent of and perhaps at cross purposes with each other, arc all 
under the control of the single anterior region, so that it is an organism 
of unified action from the first. Then division of labour can step m, 
just as it can among the members of a colony, and modify different 
segments for different functions, so that high specialization is easily 
achieved. 

One of the earliest advances to be found in segmented animals is 
that of head formation. The primitive region in front of the mouth 
scarcely deserves the name of head. Gradually, however, several of 
the next following segments become firmly joined to it, their nerve 
ganglia in particular all being fused to form a single brain of com- 
pound origin. At the same time, more and more elaborate sense 
organs, more and more elaborate jaws and mouth parts, are evolved 
in connexion with what we can now call i head. 

The Annelid worms never get very far along this line. Their chief 
interest to the evolutionist lies perhaps in the presence in tlieir most 
typical representatives of outgrowths all along the body, one to each 
segment, called parapodia^ wliich one might translate as “almost 
feet.” They consist of protuberances on either side of each segment, 
each furnished with a battery of brisdes and hairs of various shapes. 
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These somediiies serve for burrowing, sometimes for crawling, some- 
times for swimming; there can be Htde doubt that from something 
of their type were evolved the limbs of crustaceans and insects. 
Many worms have red blood, red with a haemoglobin similar to 
that foiuid in our own veins — a good example of the unity underlying 
very diverse forms of hfe. Others, however, have blood which is 



Fig. 73. Side view of a male cockroach {Peripkneta orkntalis). 1, antenna; 
2, head, showing the large eyes; 3, first segment of Aorax; 4 wing; 5. J°iat 
(of soft cuticle) between hard dorsal and ventral plates (of 5th segment of 
abdomen); 6. 7, dorsal hard plates of 6th and last segments of abdomen; 
the five main regions of the insect limb; 15, claws. 


colourless, blue or even green; in some cases the blood pigment 
contains copper or zinc instead of iron. 

Worms play a great role in the soil; but that is a story every one 
should read for themselves in Darwin’s book on earth-worms. 

From some type like that seen in marine Annelids there probably 
sprang the great group of Arthropods — the largest group of the 
cnimal kingdom in respect of numbers, and in some ways the most 
specialized and even the most advanced. 

The decisive steps that they took in their evolution were these. In 
the first place they have all encased themselves in a hard coyeri^ 
made of a homy substance called chitin. This, by giving the possibility 
not only of imyielding attachment for muscles, but also of a t^^d 
and definite shape, made rapid locomotion possible. The priim&ve 
parapodia of the worms have been improved and converted mto 
definite appendages, each consisting of a number of hinged jointe. 
In all Arthropods, marked division of labour has set in among the 
appendages, so that between them they carry out at least three 
functions. Some, like the antennae, have become sense organs, the 



THE ANIMAT KINGDOM 339 


majority are used as limbs for 
walking or swimming, and 
the rest are modified into 
feeding organs, taking the 
place of our lips, jaws, teeth, 
and tongue (Fig. 73). In the 
higher members of tlie various 
Arthropod groups, the nerve 
ganglia become concentrated 
near the anterior end, thus 
giving greater centralization 
of nervous control (Figs. 74, 
75). 

The number of segments 
may become fixed and defin- 
ite, while the head is always a 
sharply defined region. Curi- 
ously enough, neither cilia 
nor flagella, for which many 
uses are found elsewhere, from 
the lowest to the highest ani- 
mals, are to be found in any 
Arthropod. The Nematodes 
are the only other group with- 
out cilia. 

The most successful ofaqu- 
atic Arthropods are the Crus- 
tacea, ranging from the litde 
water-fleas and tiny forms like 
Calanus, which constitutes one 
of the main sources of food to 
many marine fish, up to lob- 
sters and crabs. Shrimps, 
prawns, hermit crabs, wood 
lice, sand hoppers, crayfish, 
are all familiar members of 
this great group (Plate 2). 

M.S.T. — 



Fig. 74. Concentration of the ner\^ous 
system in Arthropods. (Right) Central 
nervous system of a primitive crustacean 
(Brattchipus). The two lateral trunks of 
the nerve-cord are separate, connected 
across the middle line by commissures. 
There is a ganglion in every segment. A 
few of the anterior segmental ganglia 
have coalesced to form a primitive brain. 
(Left) Central nervous system of 
Seventeen-year Cicada. The lateral nerve 
trunks have united in the mid-line, and 
the segmental ganglia of the abdomen 
have migrated into the thorax. Here they 
form, with those originally belonging to 
the thorax, a single mass. Only nerves are 
foimd in the abdomen. The brain is much 
enlarged. (Smallwood* Man, the Animal, 
1922.) 
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Although a few Protozoa and aU earth-worms Uve m ^e soil and 
occasional flatworms and leeches are terrestrial, yet the Arthropods 
are the first phylum we have met, and the only' one beside Ae 
molluscs and vertebrates, in which emancipation from a watery hfe 
has been achieved by the majority of whole classes or orders. 

A few land crabs are known; but insects, myria^pods (centtpedes, 
etc.) spiders and scorpions are chiefly and typically land-dwellers, 
and it is especially among the insects that progress is most marked. 



A ^ J3 C 

Fig 75. Internal anatomy of the cockroach, (a) The main trunks of 
the tracheal system: sf 1, 3, 10-lst, 3rd and 10th stigmata, or exterml 
apertures of the tracheae, (b) Digestive and reproductive systems of a 
female: d, colon; qj, crop; g, gizzard; he, hepanc tubes (digestive 
gland); i, mid-gut; mt, Malpighian tubes (excretory organ); op.nght 
ovary (the separate egg tubes, -with the smallest eggs towards the 
blind end, are seen); r, rectum; sg, salivary gland with receptacle, 

(c) Central nervous system: ai 1, 6, 1st and 6th abdominal g^gha; 
sb.g, sub-oesophageal ganglion; sp.g, brain or supra-oesophageal 
g ..r,gi;r.n ; th 1-3, thoracic gai^lion. The double commissures 
between the ganglia are clearly shown. 


Insects possess a remarkable method of breathing, whoEy (fifierent 
from ours. Their whole body is penetrated by a network of am tubes 
or trachea (Figs. 21, 75). By this means oxygen and carbon dioxide 
are taken directly to and from the tissues, so that the blood lias no 
concern with respiration, but only serves to transport food and waste 
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products. As a secondary consequence of tliis, the Hood circulation 
need not be, and is not, rapid; and the heart is of a comparatively low 
type. 

Not content widi conquering the land, the majority of insects are 
also at home in die air — a double achievement only found elsewhere 
among certain groups of vertebrates. Curiously enough, instead of 
using any of their existing limbs for flight, as have all flying vertebrates 
— ^whether flying-fish, flying-frogs, flying-lizards, pterodactyls, birds, 
or bats — they have employed as wings two pairs of quite new struc- 
tures growing out from the upper part of the thorax, and probably 
developed from a kind of gill. 

Every one has heard stories of the extraordinar}- capacities of 
various kinds of insects. One wasp has been seen to use a stone to 
pound down earth over its eggs — the only tool-user but man. The 
social life of bees and ants is more complicated than that of any other 
animal except ourselves. In a beehive, the newly emerged bees clean 
and prepare the cells to receive new eggs; after this, they help in 
keeping the temperature of the brood up when needful by clustering 
in dense masses over the nurseries. They probably also ventilate the 
hive by fanning with their wings. When die workers are three days 
old they begin to act as nurses, feeding the grubs with honey and 
pollen; diis nursing duty is given up by two weeks old at latest. 
When they are between five and fifteen days old they take their first 
flights out of the liive, thus gradually gaining a knowdedge of the 
surrounding country. After this the young workers begin to collect 
food from the newly returned food gatherers, and store it in the 
storage cells of the comb. The growing workers soon add to these 
duties that of sanitary workers, keeping the hive clean and removing 
any corpses. The last task undertaken before going out food-gathering 
is that of sentry duty; the sentries examine every bee that alights at 
the entrance, and attack all robbers or unwelcome strangers. 

Finally, when about three weeks old, tlie workers set out for their 
final task of gathering nectar and pollen. 

Thus, there is a wonderful division of labour or allotment of tasks 
within the bee community, but the dilFerent jobs are not carried out 
by different worker castes, as was at one time supposed, but are 
allotted to different periods in the life-history. 
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Fig. 76. Interior of an ant^s nest to show the way in which the workers arrange 
the developing young according to their degree of development. In the top three 
chambers are very small larvae (grubs); in the fourth, full-grown larvae; and in 
the bottom chamber, pupae. The larvae and pupae are often erroneously called 

“ants* eggs.** 
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There are ants that keep slaves — some have gone so far as to lose 
the power of looking after themselves, and have to be kept clean and 
even fed by slaves of an alien species. Then there are ants wliicli use 
their own babies, in the pupa stage, to build the nest; the pupae have 
an abundant and sticky saliva, a gang of ants squeeze threads of tins 
from leaf to leaf held in place by another gang (Fig. 77). Others have 
a caste of workers tliat gorge themselves with honey until their 
bodies are quite spherical, and then hang themselves upon tlie roofs 
of special “cellars’* against the winter. When food is short, these 
living store-casks are taken down and “tapped** by the rest. There 
are ants wliich keep domestic animals — the Htdc apliids — ^w’liich they 



a rent in the nest (which is made of leaves stuck together by silk threads) . 
One gang is pulling the edges of two leaves close together, the others, on 
the inside of the nest, are carrying well-grovm larvae in their mouths. 

By squeezing, the larvx are made to exude slimy threads which soon 
harden to silk; and the workers use these threads to sew the leaves 
together. 

tend and keep for the sake of their sweet secretion, and there are ants 
which practise agriculture. They make subterranean hotbeds with 
pieces of leaves which they cut, and in these plant the spores of special 
fungi, sometimes only known in the ants* nests. When a queen goes 
out to found a new colony, she takes a pellet of die precious fungus 
with her in a special pocket below the mouth. 

Insects appear to have been in existence for a longer time than 
vertebrates; certainly the highest insects such as ants have been in 
existence longer than die highest mammals. Why is it, we may well 
ask, that the vertebrates ever got the chance of rising? Why did not 
the insects come to occupy a predominant position among animals, 




Fig, 78. (a) A store chamber of the honey-pot ant (Myrmecocystus). Certain 
workers gorge themselves with honey until their abdomens are quite spherical 
(note the light skin stretched between the dark plates of the external skeleton, 
which were originally in contact). They then hang themselves up in special 
underground chambers until there is a shortage of food, when they regurgitate 
their honey to the other workers (b). 
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and keep out intruders from tlieir preserves? 

The answer appears to be twofold. 

In the first place, their cleverness and efficiency is far more a matter 
of inborn instincts than of learning, clockwork smoothness rather 
than discovery and choice. They can leam, but die power of learning 
is small, die elaboration and fixity of their instincts great. It is precise!}' 
the reversal of this relation between instinct and learning-capacity 
which finally enabled the vertebrates, in the person of man, to begin 
to rise above and to control the forces wliich up dll then had controlled 
and moulded life. 

Secondly, as it turned out, the typical structure adopted by the 
group carried irrevocably, within itself, a limit to any great advance 
in size. 

The skeleton of an Arthropod is not only on the outside; once it is 
laid down it is dead. If growth is to take place, the animal must 
moult — the old skeleton be split and thro'wm off and a new one formed 
underneath. While the new one is being formed, the animal is 
naturally soft and defenceless. 

As an Arthropod increases in size, for various mechanical reasons 
the bulk of die skeleton must grow not only absolutely but relatively 
bigger. The difficulty of emerging from the armour-plating becomes 
greater, and the time necessary for building up a new skeleton and 
hardening it with lime would be more and more prolonged. If diere 
could exist a crab as big as a cow, it would have to spend more than 
half of its existence in hiding, waiting for its skeleton to grow after 
moulting. But such an animal could not exist. Even in water and 
without a skeleton a crab’s body has some weight, and a crab of this 
size would at moulting flatten out like a gigantic bun. This would 
happen, of course, at a much lower size in land Arthropods, whose 
weight is supported by no circumambient water. And as a matter 
of fact, although we find moderately large marine Arthropods, such 
as the giant spider-crab, with a body a little bigger tlian a man’s 
head and gigantic but thin kgs, yet the largest purely land forms 
(excluding land crabs) are the big tarantula spiders, the bigger among 
ffie scorpions, the goliath beetles, and the giant swift-motli, none of 
which have a body (excluding limbs, wings and the tail in scorpions) 
of over six inches long. 




Fig. 79. Below, an adult dragon-fly {Aeschna cyanea) soon after emergence. 
The two very similar pairs of wings are drying in a vertical position. When 
dry, they are held horizontally. Note the huge eyes, the long segmented abdo- 
men, and the three very similar pairs of legs arising from the three-segmented 
thorax. To the left, part of the larval skin from which it has emerged. Above, 
the same specimen emerging from the nymph (hrm). The wings are still very 
small; they are later dilated by the fluid pressure of the blood. In dragon-flies 
the larva is aquatic, but not otherwise markedly different from the adult except 
in being incapable of flight. There is no resting stage (pupa) between larval and 

adult stages. 
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in order to obviate some of the difficulties which at each moult 
beset a complicated animal with external skeleton, in all the more 
specialized insects is found die plan of dividing life into two wholly 
distinct phases, with a metamorphosis between. In the first or larval 
phase the necessary growth is achieved, and the animal is very little 
else but a feeding machine — a butterfly’s caterpillar, beetle’s grub, or 
fly’s maggot. Then comes transformation to a resting stage or pupa, 
during wliich the metamorphic transformation is accomplished — 
the white blood-cells break dowm the larval organs, and little reserve 
packets of cells grow up into the organs of the adult. Then from the 
pupa there emerges the reproductive adult or imago, capable gener- 
ally of flight, active, endowed with efficient sense organs and won- 
derful instincts. In other groups there is no pupa stage, and the 
metamorphosis is less radical (Fig. 79). 

Thus, in insects the larval stage is a new development, forced upon 
the higher members of the group by their very complexity, not as in 
Amphibia a primitive condition, the larval amphibian today living 
in the same way and in the same element as did the ancestors of tlie 
group in the remote past 

Two matters must detain us for a moment The first is the social 
life of many insects. The bees, the wasps, the ants, and the termites all 
display a wonderful perfection of community life. Well-developed 
community life with organized societies only exists in the Arthropods 
and Vertebrates. These are two groups in which the formation of 
colonies with physically connected members, so frequent in lower 
forms, is absent. The meaning of diis is simple. The animal com- 
munity, like die colony, increases the size of the effective unit; it 
takes the place of die colony in groups above a certain level of 
complexity; and tliis for two chief reasons. First, it would be of no 
advantage, but of definite disadvantage, to have, in any animals so 
highly organized as insects or vertebrates, a colony composed of 
individuals joined to each other by physical connexions. A high type 
of animal is a liigh type largely by virtue of its elaborate organization 
for moving from place to place and for perceiving distant objects, 
and all this would be nullified by such an arrangement. On the other 
hand, the perfection of its sense organs and its brain enables it to 
communicate with its fellows and to possess instincts making for 



348 ANIMAL BIOLOGY 

concerted action. In a colony of polyps, the only way in which one 
polyp can help another is digestively ; ants, however, will guide others 
to food they have found, and the adults will tend the larvae. A com- 
munity, in fact, is a colony held together by psychical instead of by 
physical bonds. The largest communities in the world are those of 
ants and of men. Some ant communities contain over half a million 
individuals. The largest human communities at present are the British 
Empire with about 460 million individuals, and China with about 
420 millions. 

In all social insects the great majority of individuals are “workers,’^ 
incapable of reproduction. In ants, bees, and wasps the workers are 
modified females, while in termites both males and females have 
become unsexed. In many ants and termites the workers have become 
differentiated into several sub-castes, of which the largest act as 
soldiers. 

The other point concerns the senses of Arthropods. Arthropods 
have progressed far in evolution, but along wholly different lines 
from those along which the vertebrates have travelled. As one would 
expect, they possess the same general kind of sense organs as verte- 
brates — ^for touch, smell, taste, sight and sometimes hearing — ^but 
these are often constructed on a plan wholly different from that of 
ours. 

The sense of smell in insects, for instance, seems to depend upon the 
sensitive hairs in the feelers or antennae. These are very highly deve- 
loped m the males of some moths, such as the Oak-eggar, and enable 
them to find a female of the species, even if shut up in a box, at a 
distance of a mile or more. 

The Arthropod compound eye, however, is perhaps the most 
remarkable of their sense organs. It consists essentially of a number of 
Htde elongated eyes placed side by side, and separated optically from 
each other by a black backing of pigment to each. The retina of each 
eye can only receive an impression of the tiny area of outside world 
direcdy in hne with it beyond the window of its cornea. All the 
retinae transmit their impressions to the brain, which must then 
receive a mosaic of separate images, and must then combine them to 
a single coherent picture. In some dragon-flies the huge compound 
eyes are composed of over 25,000 separate eyelets, and are curved so 
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that some of these point in every direction. A dragon-fly can look in 
front, and backwards, and sideways, and up, and down, all at once 
and without a movement of its head (Plate 2f) (ii)). 

Such eyes are probably more ciSicicnt than ours in some ways, such 
as in this matter of looking many ways at once, and in the detection 
of small movements of objects; they are, however, certainly less 
efScient in giving an accurate picture of tlie details and fine texture 
of objects, since our sensor}^ units arc smaller, and they have no 
focusing mechanism. 

Insects, as we have seen, are usually small. Every one will have 
noticed flies and small beetles and moths struggling on die surface of 
water; they are so small diat they are a prey to the surface tension 
of the surface film, and camiot get free. It is thus difiicult for most 
insects to go to water to drink, like a land vertebrate (collectors of 
butterflies will have seen “blues” and other butterflies drinking — but 
always from moist soil, never from pools of water). It is possible 
that an unusual anatomical feature of theirs is to be associated with 
tliis fact. Their excretory organs do not open directly to the outside, 
but take the form of a number of thin tubes (Malpighian tubules) 
opening into the intestine (Fig. 75). This may possibly be a water- 
saving device. The hinder part of the intestine in man absorbs water; 
if it did the same in insects, all the water contained m the excretory 
fluid would be reabsorbed, and the animals would have to drink 
much less. 

Of other Arthropods we can speak but little. Mention should be 
made of the wonderful crab Birgus, one of the few land-living 
Crustacea, whose claws are so powerful that they can open coco-nuts 
and even cut barbed wire; and then there are the spiders, which have 
developed a tracheal breadiitig system quite independently of the 
insects, and have the best developed courtship displays of any inverte- 
brates, as well as rivalling all but the social insects in complexity of 
instincts. 

There remain of the invertebrates the Molluscs, the Brachiopo<k, 
and the Echinoderms. The molluscs comprise the true “sheU-fish,” 
and are biologically an extremely heterogeneous group, ranging 
from tiny primitive worm-like creatures to the largest and most 
highly organized of all invertebrates— the squids and octopuses. They 
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all possess (besides other technical characters) a large fleshy organ of 
locomotion, the foot; and almost aU have a shell; they differ from 
most other successful invertebrates in not being segmented. The most 
important are the ‘‘bivalves” (LameUibranchs), and “univalves” 
(Gastropods), and the octopus, the nautilus, and their relatives 
(Cephalopods) (Fig. 80). 

The bivalve molluscs are a degenerate group; their degeneration 
has come about through their adoption of sessile or semi-sessile 
habits. In practically all of them, such as the oyster, the mussel, the 
freshwater mussel, etc., the so-called “gills,” though they still assist 
in respiration, are in reahty mainly food-catching organs. They are 
very large and covered with dlia; the cilia produce a current, and the 
gills are so arranged as to strain off all small debris from this current. 
Their digestive system is so constructed that it cannot avail itself of 
large particles of food, and all particles above a certain size are side- 
tracked and ejected again if they manage to get in. The acquisition of 
food by these means does not require great intelligence or elaborate 
senses; and we find brain and distance-receptors very poorly deve- 
loped in almost all members of the group. 

The Gastropods are so called because (to quote Mr. A. P. Herbert) 
“They travel about on their tummy.” The most remarkable fact 
about them is that they are not symmetrical; usually, as in the common 
snail, a large part of the body is twisted up into a spiral, the spiral 
being covered with a shell. Limpets, cowries, whelks, slugs, snails, 
periwinkles, sea-slugs, the pteropods that form the staple diet of 
whalebone whales — these are typical examples. They represent some- 
what of a compromise in evolution between security and progress. 
The shell is a fine protection, but it is a very heavy piece of armour- 
plate. As a result, we usually find movement effected by simple 
crawling on the slimy under-foot; the snail is not only proverbial, 
but typical in respect of its slowness. Since they are free-moving, 
distance receptors are wanted; but since they move slowly, these 
sense organs are only moderately well developed. Most of the species 
are neither very small nor very big — ^from about a centimetre to a 
decimetre long; a few, however, reach greater sizes. One fossil 
tower-shell stands nearly five feet high, as you may see in the South 
Kensington Museum. 
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The highest molluscs, however, and in some ways the liighest 
invertebrates, are the Cephalopods. The more pmmtive among them, 
such as the nautilus and the ammonites (now extinct, but once the 
dominant group), still retain a large protective shell. But in all the 
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Fig. 81. A starfish (Echinaster) devouring a mussel (Mytilus). 

1, Madreporic plate, through which water enters into the 
system of water-vessek, which help actuate the tube-feet by 
keeping them distended. By means of its tube-feet the starfish 
exerts a constant pull which eventually wears out the muscular 
resistance of the mussel. The starfish then protrudes its stomach 
out of its mouth and inside the shell of the mussel. Here it 
apparently digests the body of the mussel, the resultant fluid 
being sucked up into the rest of the digestive tube of the starfish. 

The starfish is depicted too much raised on the tips of its arms; 
it should be more crouched down. 

highest forms the shell is quite internal and much reduced— trans- 
formed from external armour to internal support — or even absent: 
the ‘Toot” has in these creatures become divided into eight or ten 
“arms’’ beset with suckers. In some of these higher forms an unusual 
mediod of rapidly moving from place to place has been evolved; 
they squirt out water forwards through a narrow jet and so move 
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quickly backwards. In others, muscular fins are developed along the 
sides, by means of which the animal can swim either forwards or 
backwards. In addition, some (such as the octopus) can clamber about 
on the bottom by die aid of their arms. 

All are freely and often rapidly mobile, and not stuck to the bottom 
like most Gastropods, This has resulted in a great advance in eyes 
and other sense organs, and in brain. Further, the dmsion of the foot 
into lobes (“arms’*) has provided them with a different type of organ 
from any other seen in other molluscs— a real set of limbs. Finally, 
most of them are fairly large; some indeed are gigantic, 30 feet or 
more across the outspread arms. These giants are for the most part 
inhabitants of deep water, whither they are pursued and attacked by 
the sperm whale. For all their complexity of organization, however, 
they are not a large or dominant group hkc the fish; something of the 
combined simplicity and efficiency of the fish is lacking in them, and 
they remain, like monuments of another type of civilization, to show 
the utmost that life was capable of producing along the MoUuscan 
line of evolution. 

The Brachiopods or lamp-sheUs are often mistaken for bivalve 
molluscs. In reality, they have quite another type of anatomy, with 
coiled tentacles instead of gills for the production of their food current. 
They are interesting because some of tlieir species have persisted 
without the least visible change from the earliest fossil-bearing rocks 
till today. Evolutionary change is always occurring, especially among 
the latest products of evolution; but it is not a necessity. An animal 
may perform the same job in the world’s economy for as long as the 
world is habitable. 

The Echinodernis are a curious phylum. They are all marine and 
essentialiy bottom-livers, sometimes fixed by a stalk like die sea-lilies, 
more often capable of slow movement like the starfish, brittle-stars, 
sea-urcliins, and sea-cucumbers. They are remarkable in being die 
only whole group of coelomates which have reverted from bilateral 
to radial symmetry. They are all five-rayed; but bear, in the form of 
a few small structures, unmistakable signs of an original bilaterality. 

As would be expected, their sense organs are very poorly developed. 
Two very curious features may be noted. They move by means of a 
system of tube feet — a great number of litde protrusible suckers filled 
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with water which can be made to adhere like a boy s sucker by the 

creation of a partial vacuum. And some of them, such as starfishes, 
sea-urchins, possess the oddest organs, called pediceUan^, which every 
one who has a lens or microscope should examine when they are at 
the seaside. They are Htde stalked structures, each with three jaws, 
and are continually moving from side to side making snapping move- 
ments, each one apparently quite on its own. It is probable that they 
help to defend the animal, and also to keep it from being overgrown 
with plants or sessile animals. Most Echinoderms have a larval stage, 
during which they are tiny transparent creatures, bilaterally sym- 
metrical, swimming near the surface of the sea. It is clear that the 
Echinoderms represent the end of an evolutionary blind alley (Fig. 
81 ). 



CHAPTER THIRTEEN 


THE ANIMAL KINGDOM (contl): THE 
VERTEBRATES 

F inally, there remain the Cliordatcs or Vertebrates. 

These claim our interest not only as the group of animals with 
the highest average attainment, not only as the group which contains 
our own evolutionary pedigree, but because a great deal of the detailed 
course of their evolution can be traced in the fossil-bearing rocks. 
All the invertebrate phyla and most of their classes had their origin 
so far back as to antedate the first fossil-bearing rocks we know. The 
earlier stratified rocks, that were laid down when they were first 
evolving, have been denuded away or so squeezed and baked through 
heat and pressure that their whole character has been altered, and the 
fossils they must have contained have been destroyed or rendered 
unrecognizable. Worms, echinoderms, artliropods, molluscs, corals, 
lamp-shells, many highly specialized and none essentially unlike those 
of today, are to be met widi in the earliest well-preserved series of 
rocks, the Cambrian. 

But with the vertebrates it is different Probably their evolution 
took longer on account of their very complexity; m any case, the 
first vertebrates so far found belong to a primitive type of fish, and 
occur in the Ordovician, tlie next division above (more recent than) 
the Cambrian. 

The main features of vertebrate evolution could be deduced equally 
well from comparative study of present-day forms, or from the 
anatomy and liistory of fossils. The two methods confirm each other 
in all essentials (Fig. 61). 

Starting witli fish, the salient steps in vertebrate evolution arc as 
follows: (1) the partial conquest of the land by amphibians, involving 
the transformation of swim bladder to lungs, and of paired fins to 
true limbs with fingers and toes, (2) The full conquest of the land by 
reptiles, no longer restricted to dampness when adult or to water for 
their early development; tliis implied the evolution of a large-yolked 
egg, and the development of a protective water cushion or amnion 
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over the embryo widiin the egg. Instead of having to develop in 
water, each embryo is supplied with what an American writer calls 
“its own private pond” in the shape of the fluid within its amnion. 

In higher reptiles (mostly now extinct and supplanted by mammals) 
the body was for the first time raised off the ground and supported 
entirely by the limbs (or with aid from the tail). Meanwhile, the heart 
became more or less completely divided into two separate parts, as 
in man, one for pumping venous and the other for pumping arterial 
blood only. 

Two separate lines spring from the reptilian stock — the mammals 
and the birds. Both agree in having developed a mechanism for 
ensuring a constant temperature environment for the tissues of the 
body, and in having the heart completely divided into two. The first 
to be considered here (though the later to develop in evolutionary 
time) is (3) the bird line. The evolution of birds was made possible 
by a series of acquisitions. First, that of constant high temperature, 
next those of feathers, wings and air sacs. In addition, existing birds 
have lost their teeth, and bird parents show a remarkable degree of 
care for their young. These steps have led to the chief conquest of the 
air which has been made by vertebrates. (4) The other line led to the 
mammals. Apart from the constant high temperature and the divided 
heart, the two universal characters of mammals are the possession of 
hair, and the secretion of milk by the mother. Further, although a 
few mammals lay eggs, and a moderate number (most pouched 
mammals or Marsupials) bring their yoimg up from an extremely 
early stage in tlieir pouch, stuck firmly on to the nipples, yet the 
largest and the dominant sub-class of mammals are all characterized 
by a placenta or organ for ensuring interchange of food, respiratory 
gases, etc., between the mother and the embryo in the uterus, thus 
making possible not only a speedier development, but also the pro- 
tection of the embryo within the mother until a later stage than 
occurs anywhere else in the animal kingdom. AH typical mammals 
are also characterized by having a division of labour among their 
teeth (incisors, canines and grinders), wliich only occurs elsewhere in 
one extinct group of reptiles. 

These different steps took place at different geological times. The 
chief facts are shown graphically in Fig. 82, which also indicates the 
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probatle relationsliip of die main groups, and their relative impor- 
tance at different periods. 

One or two interesting points emerge. The fishes have continued 
their unabated success, as the most generally successful group of 
water-living animals, from very early times up till the present: they 
hardly compete with mammals or birds. But the amphibia had their 



Fig. 82. Diagram to show the succession of the five main vertebrated 
classes in geological time. The approximate length in years (deduced from 
radio-active minerals) of the three main epochs is given on the left. The 
thickness of the black columns for each class represents roughly its abun- 
dance and dominance. (Probably those for fish and amphibians should not 
contract in the Mesozoic to less than their final thickness; and that for the 
reptiles should contract much more intensely at the close of the Mesozoic.) 

(Newman, Vertebrate Zoology, 1920.) 

hey-day, and sank with the rise of reptiles; the reptiles had a still 
more marked and more remarkable period of dominance, ending 
with reptilian collapse and avian and mammalian advance, and the 
non-human mammals are now showing the same kind of decrease 
coincident with the rise of man. Thus in the fossil record a succession 
of types is really visible, and the succession is definitely one of lower 
by higher types. 

There are, however, other Cliordates beside these five classes. 
Space forbids mention of some of the doubtful “poor relations^’ of 
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the stock, and only allows the briefest reference to the Tunicates. 
These latter are a degenerate group which have lost many of their 
distinctively Chordate characters. Their degeneration, as in the 



Fig. 83 (semi-diagrammatic). The metamorphosis of a sea squirt 
(Ascidian). (a) The firee-swimming “tadpole"’ larva, with tubular 
nerve cord, nc, dilated anteriorly to form the “brain,” with 
eye spot and balancing organ in its wall. Below it in the tail, t, is a 
well-developed notochord, nt; m, mouth, leading into pharynx 
perforated by gill-slits, with food-entangling mechanism, e, 
(endostyle). From the pharynx arises the gullet, leading into the 
stomach, st, and intestine; this opens into the mantle cavity, which 
in its turn opens to the exterior by the aperture, at; /, adhesive 
organ for fixation; h, heart, (b) The larva has fixed itself. The tail 
is degenerating, the mouth and internal organs are growing 
round; ^ 5 , giU-slits; tv, degenerating remains of tail, (c) Metamor- 
phosis is complete. The animal is permanently fixed. Tail, 
notochord, nerve-tube and sense organs have disappeared. A 
solid ganglion, b, has been formed from the brain. The pharynx 
and atrium are much enlarged, and their apertures prolonged into 
siphons; am, anus. 

bivalve molluscs, is due to their having adopted the method of feeding 
by producing currents and straining off the food particles; this has led 
to a sessile mode of Hfe and to loss of sense organs and diminution of 
brain* Many of them form colonies by budding, and have surprising 
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powers of regeneration and dedifferentiation; they are hermaphro- 
dite. They have also lost their skeleton; indeed, each one of them 
possesses it as a free-swimming larva, and loses it and all the main 
sense organs when it metamorphoses and settles down. They must 
have branched off*, however, at a very early period from the main 
Chordate stem, and it is perhaps comforting to reflect that if they 
have lost their skeleton it was by then only a notochord and not a 
real backbone (Fig. 83). 

A related form, but one much closer to the original primitive 



Fig. 84. A mature specimen of Amphioxus, from the left side, tiw, anus 
(not at the posterior extremity); aip, aperture of the ca\dty surrounding 
the pharynx (efsea squirts, Fig. 83) ; r, tail fin; o, tentacles, acting as strainers, 
round the mouth; df, dorsal fm with crowded small fin rays, Jr; e, eye spot 
on slightly dilated end of neural tube, n; tog^, the 26 paired reproductive 
organs; m\ m®®, the 1st, 36th and 52iid muscle segments (myotomes); 
nchf notochord running the whole length of the body, and thicker than the 
nerve-tube; ve/, second straining organ, at entrance to pharynx; mouth 

cavity; vf, ventral fin; the gill-slits are seen below the notochord from just 
behind veU to the 31st muscle segment. 


Chordate type, is seen in Amphioxus. The most important things 
about Amphioxus are those which it does not possess. It has notliing 
that could be called a head; the merest apology for brain and distance 
receptors; no skeleton except a notochord; no heart, but only an 
ordinary blood-vessel which contracts rhythmically, a liver which is 
a mere unbranched pocket of the gut, no limbs, no reproductive 
ducts, the eggs and sperm simply bursting out through the body wall. 
It is, however, without a question a Chordate, as shown by its 
notochord, its pharynx pierced by gill-slits, and its hollow nerve cord 
running along the back instead of the beUy. It too depends on artificial 
currents for its food. It serves to remind us of a time long before that 
of the earliest fossils preserved to us now, when none of the Chordate 
stock had reached a higher organization than this; and all the highest 
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types of life — bird, horse, lion, dog and man himself— were no more 
than a potentiality slumbering in the germ cells of little Ampliioxus- 
like creatures in the sea (Fig. 84). 

The next sta 2 :e in vertebrate evolution of which we have anv 
record is represented by the Lampreys; but there is an enormous gap 



Fig. 85. Denticles of the dogfish, (a) A piece of skin, slightly 
magnified, in surface view; it is covered with denticles, their points 
projecting obliquely upwards, (b) A single denticle: 6, the portion 
embedded in the skin, (c) A denticle in section: c, the embedded 
base, in the centre of which is an aperture by which blood-vessels 
and nerves enter p, the pulp cavity; d, dentine; e, enamel. 

between them and Amphioxus. The lamprey has already a well- 
developed brain, a rudimentary skull and backbone of cartilage as 
well as a notochord, “nose,’’ eyes and ears, and a proper vertebrate 
heart and Hver. But they are still far behind any true fish. They have 
no Hmbs, no true jaws, no true teeth, and none of them have bone. 
They, too, like Amphioxus and its relatives, make but a very small 
group, a relic from the past. 

In their Hfe-history they shed a most interesting light on the 
evolution of the thyroid gland. The lampem, as the lamprey’s larva 
is called, still obtains its food from a food current, in the same way 
as Amphioxus and the Tunicates. One of the special features of the 
straining mechanism of all these Chordates is a groove called the 
endostyle running along the floor of the pharynx, which secretes a 
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Sticky mucus. This is forced forward by cilia, round the mouth m 
grooves, and along the dorsal groove back into the intestine. The gill 
cilia are so arranged that all food particles strained oif by the gills are 
driven up to the dorsal groove. Here they become entangled and 
stuck in die slime, and are passed on by this sort of moving staircase 
to be digested in die intestine. 

The lampem has an endostyle just like diat of Amphioxus, except 
that it is rolled up in a sort of pocket under the pharynx, and sends 
out its slime cord ready made. 

When die lampcrn changes into the lamprey, most of the endostyle 
degenerates altogether. But some of the cells of its duct remain alive, 
multiply, and become converted into a typical thyroid. This is a 
transformation that nobody would have been rash enough to guess 
at, if diey had not been able to see it actually happen, and it is of 
interest as showing the way in which one organ, no longer required 
by the animal, may become converted into another organ instead of 
disappearing altogedier. This is frequendy to be seen. The balancing 
planes — die paired fins — of fishes become supporting limbs in land 
forms; the swim bladder which regulates a fish's density and con- 
sequent distance from the surface becomes a breathing organ— the 
lung; hair in man has lost its primitive warmth-retaining funedon, 
and under the influences of sexual selection has become converted to 
an adornment. 

A gap again yawns between the lamprey and the fish, although 
not such a wide one as that between Amphioxus and lamprey. No 
fish has a notochord persisting at full ske throughout life; all have 
well-developed vertebra? and skull over-arching the brain, paired 
limbs, scales and teeth. The true jaws have appeared, and can be 
shown to have arisen by another strange change of function; they 
are derived from the first pair of the bars of cartilage which support 
die gills and hold the pharynx cavity stretched as an open umbrella 
is held out by its ribs. In almost all fish, however, the upper jaws are 
not yet firmly united to the skull as in all land forms, but only jointed 
on. Teeth, too, have an odd history. The skin of dogfishes and sharks 
can be used for polishing, and when prepared is known as shagreen. 
Its qualities are due to thousands of litde pointed scales sticking out 
from its surface. When these are examined, each is seen to be nodnng 
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else but a miniature tooth fixed by an enlarged base. Before teeth 
served as teeth they were scales, and covered the whole surface of the 
body. It was those in tlie skin covering the jaws which were able to 
take on new functions, became true teeth, and eventually alone 
remained when all traces of die skin-denticles had disappeared (Fig. 
85). 

There are two main groups of fish — the Elasmobranchs (dogfish, 
sharks, skates and rays), which have never developed bone in their 


Fore-brain Mid-brain Hind-brain ^ 



Fig. 86. The brain of a dogfish (Squalus acanthias), from the left side. The 
cranial nerves are marked with Roman numerals (iv and vi are not shown). 
The parts of the brain concerned with various senses are marked as follows: 
smell, coarse dots; sight, crosses; hearing, balance and lateral line organs, 
broken obhque lines; touch and other skin senses, vertical lines; taste and 
other stimuli from viscera (gills, stomach, etc.), horizontal lines. The motor 
nerves to gills, stomach and other viscera are marked in black and white 

rectangles. 

skeleton, and the Teleosts or higher bony fish, comprising all the 
familiar species like herring, sole, trout, cod, sea-horse and flying-fish. 
The former are primitive in a great many ways. In one respect, 
however, they are better equipped than the Teleosts. They lay a few 
large-yolked eggs, well protected in homy capsules (the “Mermaids’ 
Purses” one picks up on the seashore) or even in the oviduct of the 
mother; wlnle the latter lay their eggs before fertilization, and have 
to produce vast quantities of them in order to compensate for the 
inevitable wastage during their tiny and unprotected early lives. It 
is probable that this one specialization enables the Elasmobranchs to 
compete not too unsuccessfully with the Teleosts. Their brain 
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Fig. 87. Two deep-sea angier-fishes, to show their extraordinary structure and 
their adaptations to their mode of life ; h.Linophryne arbor if er (about 3 in. long ; 
from 6oo metres, in the Atlantic). The fish has a large luminous lure or bait on 
its snout, by means of which it attracts inquisitive animals to within snapping 
distance. The huge barbel on the lower jaw is probably tactile, like a cat^s 
whiskers, b, Lasiognathus sacmtoma (3 in. long ; from 4, OCX) metres, in the 
Caribbean Sea). The luminous lure is here on a long, movable, jointed stalk, 
winch terminates in three hooks. Apparently the whole apparatus is used hke 
a baited rod and line. The mouth is fringed with long bristle-like teeth, which 
prevent the escape of the prey (probably Pteropods or Crustacea). 
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(Fig. 86) is very primitive, even when compared with that of the frog. 

The smallest fish are under an inch in length, the largest is a form 
of shark which may reach 40 feet. 

Fish have evolved into the most extraordinary forms. One could 
write a whole chapter on “Fimny Fish” — ^pipe-fish, sea-horses, ribbon- 
fish, sun-fish without a proper tail, cow-fish, flying-fish, parrot-fish, 
porcupine-fish, electric-fish, the flat-fish which fall over on one side 
as they grow and twist both eyes over on to one side of the head, 
the remora with a sucker on its head to attach itself to its living 
locomotive the shark, angler-fish, deep-sea fish with eyes on long 
movable stalks, or with mouth as big as the whole body, or with 
rows of red and white phosphorescent lights like a liner at sea. Fish 
are the dominant group in the waters, and have become speciahzed 
to fill every available niche (Fig. 87). 

One group of freshwater fish, the lung fishes, are able to survive 
a long sojourn in the mud when the ponds and streams dry up. This 
they do by extracting oxygen from the air taken into their swim- 
bladder, which thus acts as a lung when needed. Thus, these creatures 
partly bridge the gap to terrestrial Hfe (Fig. 88). 

In the structure of the limbs, however, a great gap exists between 
fish and amphibians. No fish has anything but fins, no amphibian 
anything but legs equipped with fingers and toes. Again, just as the 
thyroid gland was evolved from the remains of the endostyle when 
this ceased to be of use, so another ductless gland, the parathyroid, is 
not found in fish, but only arises out of the debris of the gill-slits 
when the vertebrates took to land. 

The Ampliibia need not detain us long. They are in a certain sense 
a compromise between life in water and life on land. The biggest 
existing amphibian is the giant salamander, which may reach 4 feet, 
though the Amphibia as a group average 6 inches or less. However, 
in the Carboniferous period, when they were the only land verte- 
brates, the average was much higher, and forms over 6 feet long 
existed; but all these disappeared as soon as the reptiles entered the 
field. One other point deserves mention. The Amphibia are the first 
vertebrates capable of producing vocal sounds deliberately. 

The reptiles were the true conquerors of the land. This conquest 
they owe chiefly to their dry, strong skin, and the evolution of special 
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Fig. 88. Various lung fishes (Dipnoi), (a) Ceratodus, 
with well-developed fins, from Queensland, (b and 
c) Protopterus and Lepidosiren, from tropical 
Africa and South America respectively, with re- 
duced fins. In all,note the absence of streamlining in 
the body and the wide separation of fore- and hind- 
limbs. (d) Protopterus aestivating in a burrow in 
mud in the dry season. It has enclosed itself in a 
flask-shaped membrane of slime which has hard- 
ened on drying, and has an aperture for air leading 
into the mouth- Between tliis membrane and the 
fish’s body is a layer of soft sHme (mucus), (i and b) 
Larvae of Protopterus and of Lepidosiren, seven 
and thirty days after hatching respectively. Note 
the well-developed external gills and the general 
resemblance to the tadpole of a tailed amphibian. 
The rudiments of the limbs are presented as long 
cylindrical outgrowths. (Newman, Vertebrate 
Zoology 1 1920.) 
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membranes helping the embryo to live away from water in a large- 
yolked egg. The allantois, from which the placenta afterwards 
developed, is the embryo’s breathing organ: the amnion is a protective 
water cushion, enabling the soft embryo to develop in fluid, protected 
from pressure and contact (Plates 10, 11). 

In their hey-day the reptiles rivalled the present mammals in size 
and variety of specialization. Besides the existing lizards, snakes, 
crocodiles and tortoises, there lived in the middle and late Secondary 
period a whole series of remarkable types. There were mammal-like 
reptiles, equipped with several different kinds of teeth, and able to 
run like a typical quadruped; flying pterodactyls (Fig. 89); at least 
two types which had gone back to the sea, the ichthyosaurs, which 
more or less resembled whales (and produced their young alive, as a 
specimen in the South Kensington Museum testifies, with a brood 
of embryo skeletons between its ribs), and plesiosaurs, with great 
flexible necks, creatures which must have looked very much like the 
average man’s idea of the sea serpent; and, finally, the most successful 
group of all, the dinosaurs, including rapid runners on two legs, 
living “tanks” covered with armour-plate, great semi-aquatic herbi- 
vores like Diplodocus (Plates 20 (iii), 21), some of which grew to a 
hundred feet long, and the biggest carnivorous creatures ever known, 
such as the Tyrannosaurus, which stood over 20 feet high, and no 
doubt hved upon the gigantic vegetarians. 

The end of the Secondary period comes, and with the beginning 
of the Tertiary the pride of the reptiles is humbled. More than haff 
the groups, and those the most advanced, no longer exist; those that 
are left are already playing second fiddle to the early mammals and 
birds. 

What brought about this revolution is not certain. Possibly an 
alteration of climate cut down the available food supply and gave 
advantages to smaller creatures capable of temperature regulation. 
There can at least be no doubt that temperature regulation and better 
provision for the young, both before and after birth or hatching, are 
the two progressive features in which birds and mammals chiefly 
outdistance their ancestors, the reptiles. 

In the case of birds, we luckily have come to possess true “missing 
links” between reptiles and modem birds. In the mid-Secondary, 



367 


THE ANIMAT KINGDOM 
there lived a creature called Archseopteryx — “earliest winged crea- 
ture.” It was an undoubted bird, for it possessed feathers and obvious 
wings. But its jaws possess a good complement of teeth, the wing is 
still extremely primitive in possessing claws on three of its fingers 
(by means of which it no doubt crawled like a bat among the 
branches), and its tail is not a fan as in all living birds, but is more like 
that of a kite, with a long jointed skeleton, and feathers branching off 
on either side all the way down (Fig. 89). 

Fossil birds found in strata from the close of the Secondary already 
possessed the modern fan-like tail, and had lost the claws on the wing; 
but they all still possessed teeth. Tootliless birds only appear with the 
Tertiary period. 

Flight, high temperature (over 100'’, sometimes as much as 105"^ 
Fahrenheit), air sacs and hollow bones, nest-building, bright colours 
and elaborate courtship, song, and the care of the young — these are 
the chief characters of modem birds. They owe their success cliiefly 
to one single character — the evolution of feathers. These in the first 
place keep down radiation and so allow of a high body-temperature. 
They also permit of the fore-limbs alone being used in flight. Thus die 
hind-limbs are left free to develop along their own lines, instead of 
being used up, so to speak, as one of the supports for a wing mem- 
brane, as occurred in the extinct flying lizards, and occurs today in 
the bats. The air-sacs not only lighten the body and help in breathing, 
but are used to streamline the body so that it offers least possible 
resistance to rapid passage through the air. In the same way, most of 
the fuselage of an aeroplane only serves for streamlining, not for 
carrying passengers or goods. 

Birds are on the average notably smaller than mammals. This is 
due to purely mechanical aeronautical limitations too complicated 
to discuss here; as a matter of hard fact, the largest birds capable of 
flight — swans, vultures or albatrosses — ^weigh well under 50 kilo- 
grams, wliile the weight of the great majority is to be reckoned in 
ounces or even grams, the smallest humming-birds weigliing a litde 
xmder 2 grams. 

It is interesting to compare the success of reptiles, birds, and mam- 
mals in different zones of die earth’s surfece. Reptiles have the 
temperature of their surroundings; consequendy their activity is 
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Fig. 89. Restorations of flying reptiles (Pterodactyls) and the primitive bird 
Archaeopteryx, The Pterodactyls had membranous wings Hke bats, supported 
both by fore- and hind-limbs, but mainly by the “little” finger. The remaining 
fingers could still be used as claws. Archaeopteryx had true feathers, and wings 
supported only by the fore-limb, but it retained teeth, a long tail skeleton 
feathered on either side instead of the tail fan of modern birds, and three clawed 

fingers. 
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somewhat more than doubled for each rise of 10° centigrade. In the 
Arctic they could scarcely ever be active at all, but would have to 
exist in a state of almost continuous hibernation, and there are in 
point of fact no reptiles in the Arctic. In the temperate zone they must 
waste half their life hibernating, and even in the summer cannot 
compete in activity with a warm-blooded creature; so here reptiles 
are few and small. In the Tropics, however, tlieir average speed of 
living is more nearly that of a mammal, and they can be active all the 
year round; in tlie Tropics, therefore, reptiles are more abundant and 
of greater size — crocodiles, iguanas and other large lizards, giant 



Fig. 90. A female duck-bill platypus {Omiihorhyn- 
chus) suckling its young. The young are hatched 
from eggs. The mother has milk, but no teats; she 
therefore lies on her back, and the young lap up the 
milk from the saucer-shaped depression into which 
the milk glands open. The mother is supporting 
one young with her left fore-foot. (Newman, 

Vertebrate Zoology, 1920.) 

turdes and tortoises, boa-constrictors and pythons are all tropical 
(Plate 22). 

Mammals, owing to merely mechanical reasons, can attain to 
larger sizes than birds. On the other hand, they cannot move readily 
from one zone to another. So it comes about that in the Arctic the 
birds are the dominant vertebrates, because they can leave in the 
winter; Arctic mammals are few, and almost all of diem (like seal, 
walrus, polar bear and whale) are entirely or cliiefly aquatic. The 
mammals on the other hand are the dominant group in temperate 
and sub-tropical regions. 

There are one or two points in connexion with the evolution of 
mammals that are worth mentioning here. 

What feathers have been to birds, hair has in part been to 
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Fig. 91. Outline and skeleton of a right whale (one of the whalebone whales). Note the enormous enlargement of the 
jaws (pmx,mx and md) for the attachment of the straining apparatus of “whalebone”; the fore-limb converted into a paddle 
{sc, shoulder-blade; h, humerus; r, radius; u, ulna); the vestigial hind-limb and girdle embedded in the flank (p, pelvis; 
/, femur; the other parts of its skeleton have disappeared); the reduction of the neck (the seven neck-vertebrae, cu, are fused 
intoonebone); the fish-like shape and the tail placed horizontally for rapid diving. (From Natural History Museum Guide.) 
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mammals; hair and milk together are the mammalian characteristics 
far excellence^ hair permitting a constant temperature, milk implying 
a long period of care of the young after birth. Hair and milk have 
given mammals the victory over reptiles. But within the mammalian 
stock itself progress has depended chiefly on two otlier factors— 
brain and pre-natal care. 

There are three grades of pre-natal care to be found in the single 
class of mammals. The duck-bill platypus (Fig, 90) and echidna lay 
eggs like any reptile. The Marsupials, such as the kangaroo and 
opossum, nourish their young within their uterus; but the mechan- 
ism is not elaborate enough to permit of its being effective after the 
embryo has grown to a comparatively small size. To meet tliis 
difficulty, the pouch has been evolved. The embrv'o is bom very 
small and very unformed (a new-born kangaroo is less than 2 inches 
long, naked and bhnd, the hmbs not yet provided with fingers). It 
can, however, crawl into the pouch; there it becomes glued to the 
nipple until it reaches a stage more or less similar to that at which 
higher mammals are bom, then becoming detached, but still spending 
its time in the pouch. 

The typical or Placental mammals, on the other hand, while still 
retaining the milk diet for their young after birth, all possess the 
wonderful arrangement known as the placenta, by means of which 
a huge network of blood-vessels formed by the embryo interlocks 
in the wall of the uterus with a similar network formed by the mother. 
By this means, although there is no actual passage of blood from 
mother to embryo, perfect interchange and nutrition is provided, 
and the embryo can be protected until fully formed. In some w^halcs 
the young are retained within the mother’s body till they are over 
20 feet long. Whales, being aquatic, can attain to much greater size 
than any terrestrial animal. They include hy far the largest animals 
which have ever existed, at least twice the bulk of the largest extinct 
reptiles. They also show interesting traces of their origin from land 
forms in vestigial hind-limbs (Figs. 91, 92). 

The Placentals have become as dominant over die Marsupials, 
wherever the two groups have come into contact, as die mammals 
over the reptiles. Only in Australia, which was cut off from the 
rest of the world by some earth movement after it had received 

M.S.T. — 
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an invasion of Marsupiak but before it had been reached by any 
Placentals, are the Marsupials dominant— because without placental 
competitors. 

It is very interesting to find that the Australian Marsupiak have 
evolved into a great many forms not foimd elsewhere, whether fossil 
or alive, and that the types evolved are often superficially very 
similar to those of Placental mammals. There is a marsupial wolf, a 
marsupial mole, the wombat is Hke a cross between a badger and a 
bear, some of the phalangers are not unhke squirrels. 

The kangaroo, it is true, is of very different construction from any 



Fig. 92. Sulphur-bottom whale {Balcenoptera sulphur eus), 87 feet long, with 
the African elephant “Jumbo” (Loxodonta africana), 11| feet high, drawn to 
scale. (Lull, Organic Evolution, 1922.) 


large Placental. It has filled the niche of herbivorous quick-moving 
animal, but has filled it in a different way from horse or deer. 

There are, in fact, the same niches to be filled the world over, and 
different types may fill them in ways superficially alike or superficially 
different. 

Then there is brain. This has played its cliief role in the intense 
competition which took place in the Placentals. Throughout the 
Tertiary period new lines of evolution were being developed widi 
great rapidity. The upper limit of size was being increased (as, for 
instance, in the evolution of the horses, the elephants, the whales, 
the great cats), and physical specialization, especially of teeth and 
limbs, was being perfected. Both size and physical specialization, 
however, soon reached a limit. The supporting power of a limb bone 
is proportional to its cross-section, i.e., to an area; while the weight 
to be supported varies as the volume. For purely mechanical reasons, 




Fig. 93. To illustrate the increase in relative size of brain during the evolution 
of the mammals. The brains on the left (reconstructed from casts of the interior 
of the skull) are those of mammals from the early Tertiary period. Those on 
the right are those of living mammals of about the same total bulk. The two 
brains of each pair are drawn to the same scale. 

Arctocyon (a primitive carnivorous form) a Dog 

Phenacodus (a primitive imgulate form) B Pig 

Coryphodon (an extinct heavy herbivorous type) c Rhinoceros 
Uintatherium (related to Coryphodon) B Hippopotamus 

The modern brains, m addition to their increase in absolute size, show an 
alteration of proportions, the olfactory lobes being relatively rather smaller, 
the cerebral hemispheres relatively much larger. 
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therefore, the limb bones must become relatively larger with increas- 
ing absolute size until tliey finally grow so unwieldy that size no 
longer pays. A rhinoceros or an elephant is near the upper margin of 
size mechanically permissible with advantage to a land animal. As 
regards specialization, the leg and foot of a horse or a deer, or the 
teeth of a lion or a cow, could not be much better adapted to their 
functions than they are now. 

But, if the instruments at the animal’s disposal could not be 
improved, the methods of using them might be — and tliis is possible 
by an improvement in the structure of the brain. The figure on 
p. 373 may be left to speak for itself (Fig. 93). 

The final changes which led to man’s evolution seem also to have 
been primarily brain changes (Fig. 94). Probably, the first divergence 
of the future human stock from the ordinary land-living mammals 
came when some shrew-like insect-eating animal took to living in 
trees. From some creature like this the lemur type probably deve- 
loped, from tliis again the monkey type. From the old world monkeys 
the true apes have clearly descended, by loss of tail and increase of 
brain power, and there is no doubt that from some creature which, 
though not any of the existing apes we know, would have to be 
classified in the same group witli tliem, man finally evolved. True 
apes, like the chimpanzee, are very intelligent and educable (Plate 23). 

Taking to the trees appears to have been the necessary preliminary 
to this long evolution. This put a premium on accurate vision and 
movements which had to be complicated and accurate if the creature 
was not to fall and lose its life, while the ordinary land mammals 
continued utilizing smell more than sight, and turning their limbs 
into mere supports and running organs. 

Only in the trees will there grow up the practice of handling objects 
carefully, and checking the results by careful examination with the 
eyes, and this eventually led to the development of a true hand and 
to the manual skill of human beings. It is interesting to find that the 
parts of the brain connected with sight and manual dexterity increase 
in size as we pass from lemurs up through apes to man, while the 
centres connected with smell decrease very much in relative impor- 
tance (Fig. 94). 

But physical acquisitions react upon the mind.. The monkey has 
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VISUAL 



BRAIN OFTHE JUMPING SHREW 
(MACROSCELIDES) 



BRAIN OFTHETREE SHREW 
(TUPAIA) 



(TARSI US) 



BRAIN OF THE MARMOSET 
(HAPALE) 

Fig. 94. Development of the brain and its dilferent regions in animals on various 
levels of development not unBke those which man’s ancestry traversed, (Above) 
Two Insectivores. Note the much greater development of the visual region and 
reduction of the olfactory region in the arboreal tree-shrew as compared with 
the terrestrial jumping shrew, (Centre) The tarsier, the lemur nearest to the 
monkeys- (Below) One of the most primitive true monkeys. The same tenden- 
cies are continued and accentuated. In addition, note the enlargement of the 
pre-frontal area serving for association. 
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Fig. 95, Various Eolithic and Palaeolithic j&int implements, showing different 
types used for different purposes, and various degrees of shaping and finish. 


power of examining an object accurately by touch and sight. As is 
always the case, it is pleasant to indulge a power that we possess; 
and hence, it appears, the development of that extraordinary curiosity 
we all know in monkeys. Their curiosity is largely aimless and useless, 
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lit if it could be harnessed to the needs of the race, it might yield 
le most valuable results, and as a matter of fact this curiosity was 
le necessary basis of aU man’s philosophy and science. 

Man himself in all probability developed in some temperate and 
^mparatively treeless region, where the surroundings forced him 
own out of the easy retreat afforded by the tree tops, and compelled 
le development of skill, foresight and reasoning power to cope with 
le animals that were his enemies and those which, in the absence of 
'uits, he would have to use for food. The rest of the ape stock 
jmained in its tropical forest home and was never forced to develop 
irther. Remains of a real link betwxen apes and men, the Pithecan- 
iropus, have been found in Java. In die earlier period of human 
jdstence, several species of man, some definitely more simian than 
ny types known today, were evolved (Plate 24). But today only one 
secies survives. 

Man probably originated in the PHocene. To discuss the detailed 
evelopment of man is outside the scope of this book. We ma)' 
lention that prehistoric man is known chiefly by die stone imple- 
lents which he has left behind (Fig. 95) ; in these a slow but gradually 
ccelerated progress is found with the passage of time (Fig. 96). He 
ad to survive die Glacial period, an unfavourable environment 
diich probably served to sharpen his wits; and only about ten 
lousand years ago at the utmost did he discover the use of metals or 
le methods of regular agriculture. 

In conclusion, since inevitably our interest will centre on the 
iology of man, we will end this chapter by recapitulating what we 
ave learned of evolution with special reference to diose steps widiout 
irhich human development would have been impossible. 

After the development of the cell, and the origin of sex (which 
aade variation easier when needed), the first necessar}’^ step was the 
ggregation of cells to form many-ceUed organisms; without this, 
.either convenient size nor suflident division of labour would have 
>een possible. The next steps were precisely those of increasing total 
ize and increasing division of labour among the organs. 

First came the estabHsIiment of two and then three main layers 
rith different functions, and at die same time the increasing impor- 
ance of the head end, due to bilaterality and the formation of a 
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nervous-system with a dominating region or primitive brain in 
front. The development of blood-system and coelom obviated the 
need for branched organs, and made much greater size possible. 
Segmentation again increased the possibilities of division of labour. 
Increased size made necessary special organs such as heart and gills, 
while more rapid locomotion was only possible if better sense organs 
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Fig. 96- Diagram to show the probable history of man, as revealed by 
fossils and implements, from the end of the Pliocene. An approximate 
time-scale in years is on the left. Note the enormous length of the primitive 
Palaeolithic culture as compared with all subsequent cultures (Neolithic, 
Copper, Bronze and Iron Ages, and historical period). 

and better nervous co-ordination was brought about. Ductless glands 
made possible a new chemical co-ordination, especially valuable in 
regulating growth. 

Then tlie emergence from water to land provided a new freedom; 
temperature regulation made life stable and was an absolute necessity 
for any delicately adjusted mental life. The development of a com- 
plicated brain with emotional moods controlling action, madecourt- 
sliip necessary between the sexes; and out of this has developed much 




THE ANIMAL KINGDOM 379 

of our sense of beauty. The need to develop out of water produced 
the reptilian egg; and the further prevention of "waste of infant life 
was brought about by tlie internal development of mammals, permit- 
ting the young organism to come into the world at a greater size. As 
the mechanical efficiency of the organs of the body approached 
perfection, an increasing premium was put upon more efficient ways 
of using the organs — in other words, upon brain power. The most 
important development in this respect was improved power of learn- 
ing by experience. But to learn by experience, the youth of the species 
must be protected and sheltered; hence the extension of parental care 
to the young for ever longer periods after birth, and the co-operadon 
of both male and female parent in these duties. Out of this sprang die 
family, and the constant association on a common task doubtless made 
the need for communication more urgent, and so was a necessary 
step towards speech. Then came arboreal life, and the development 
of dexterity of movement, of the examination of objects by touch 
and sight, and so of curiosity. Then the re-descent to the ground, with 
necessity for great self-reliance and skill, and the harnessing of 
curiosity to be the basis of organized knowledge; with necessity too 
for more co-operation, and hence of speech, tiirough wliich alone 
organized society became possible. 

This brief sketch will perhaps give some idea of the strange series 
of processes, many of them apparently unconnected, which have yet 
been necessary for human beings to arise, and for mental activity to 
become the controlling factor in evolution. 

In conclusion, it should never be forgotten that man is, biologically 
speaking, quite young. The half-million or million years for which 
he has been in existence constitute but a small fraction of the time 
which the non-human mammals, for example, took to reach their 
highest perfection. 
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ACTIVATION, exciting to action; especially, 
exciting the egg to begin its development/ 

ADRENAL BODY (L. ad^ near; ren, kidney), 
a ductless gland attached (in mammals) 
near the top of each Iddney, derived partly 
(the medulla) from cells migrated from the 
neural crest, and partly (the cortex) from 
cells closely aUied to those from which the 
reproductive system is formed. Adrena- 
line, the secretion from the medulla. Also 
called Suprarenal Capsule. 

AFFERENT (L. ad, towards; fero, I carry), 
carrying towards; e.g., afferent (sensory) 
nerves carry impulses to the central nervous 
system. 

ALBINO (L. albus, white), an oi^anism with 
congenital lack of pigment. 

ALLANTOIS (Gr. aXAS.?, sausage; elSo?, 
form), a sac-like membranous organ growing 
out of the hind-gut in the emb^^os of reptiles, 
birds and mammals, and serving for respira- 
tion or nutrition, or both. 

ALLELOMORPH (Gr. aAAjjAeov, one another; 

form) one of the alternative forms in 
which a single hereditary factor (gene) may 
exist. 

ALVEOLAR AIR (L. alveolus, little trough : 
small air-sacs in the lungs), air in alveoH of 
the lungs, where gaseous exchange with the 
blood is effected. 

AMNION (Gr. aixvCov, bowl), a membranous 
sac containing fluid, which encloses the em- 
bryos of reptiles, birds, and mammals (hence 
called Amniota). 

AMPHIBIAN (Gr. both; jSto?, life), 

animals capable of living both on land and 
in water. 

ANATOMY {Gv. avd, up; I cut), the 

science of bodily structure, particularly as 
learnt from dissection. 

ANTIBODY (Gr. dvrl, opposed to), a sub- 
stance formed as a reaction and defence 
against foreign proteins. 

ANTITOXIN (Gr. dvri, opposed to ; ro^tKov, 
poison), a kind of antibody, produced as a 
reaction against certain types of poisons. 

ARTERY (Gr. arjp, air; Trjp^w, I keep), vessels 
which convey blood away from the heart to 
the organs, etc.; most arterial blood is 
bright red as a result of being purified in the 
lungs, gills, etc. (The derivation recalls the 
mistaken belief of the early anatomists that 
the arteries contained air). 

ASEXUAL REPRODUCTION, reproduction 
without sexual process ; e.g., budding, 
fission. 

AUTONOMIC NERVOUS SYSTEM, that part 
of the nervous system which controls glands 
and unstriped (involuntary) muscles, and the 
heart. It comprises the sympathetic and the 
parasympathetic systems (q. v.). 

AXON (Gr. d^oiv, axis), the main outgrowth of 


a neuron (q. v.) ; axons constitute the essen- 
tial portions of ner\-e-fibres. 

BACTERI.A (singular, Bacteriu.m), (Gr. 
^cucrfipLov, little stick), extremely small 
single-ceHed plants, related to Fungi. 

BILE (L. bills, bile), a thick, complex fluid, 
secreted by the Kver, which aids in digesting 
fats. 

BIOMETRY (Gr. |Sto?, life; /xirpov, measure), 
the application of mathematical computation 
to life-processes, especially as regards varia- 
tion and heredity. 

BLASTOMERE (Gr. ^Xacrr6<:, embryo; ftepoT, 
part), one of the cells produced as the result 
of the segmentation of the fertilized egg. 

BLASTOPORE (Gr. ^Xaerros, embryo; iropos, 
passage), the external opening of a Gas- 
TRULA (q. v.), leading into the primitive gut. 

BLASTULA (Gr. /BAaerro?, germ), the stage at 
the close of segmentation, in the develop- 
ment of multicellular animals, when the em- 
bryo is a hollow sphere, with no opening.. 

CALORIE (L. color, heat), a unit of heat. 
Small Calorie, the amount of heat required 
to raise the temperature of one gram of 
water from 15® C. to 16® C. Large Calorie 
or Kilocalorie, the amount of heat to raise 
the temperature of one kilogram of water 
through the same interval. 

CAPILLARIES (L. capillus, hair), minute 
blood-vessels joining the ends of the arteries 
to the beginnings of the veins, with walls 
thin enough to permit the diffusion of soluble 
substances. 

CHITIN (Gr. xt'rtoT/, a coat of mail), a hom-like 
substance secreted by Arthropods and some 
other animals as an external skeleton. 

CHLOROPHYLL (Gr. ^een ; <pvXXov, 

leaf), the ^een substance which gives green 
plants their characteristic colour and enables 
them to utilize sunlight in building up theh: 
food. 

CHORDATE, an animal possessing noto- 
chord. Chordates include Vertebrates (q.v.), 
Tunicates, Amphioxus, and a few other 
forms. 

CFIROMATIN (Gr. xpwM-a, colour), a constitu- 
ent of the nucleus which stains very readily, 
and probably includes the hereditary consti- 
tution. 

CHROMOSOME (Gr. colour; ewpa, 

body), deeply staining portions of Chro- 
matin (q.v.), of definite number in each 
species, which are formed preparato^ to 
nuclear division, and are longitudinally 
divided during the process. The bearers of 
the hereditary factors or genes. 

CILIA (L. cilium, eyelash), numerous micro- 
scopic hair-like projections borne on the sur- 
face of some cells, which are capable of 
rapid, co - ordinated movements. (See 
Flagellum.) 
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CLOACA (L. cloaca^ a sewer), a cavity in. 
some animals into which the intestine, 
excretory ducts, and reproductive ducts 
discharge. 

COELOM (Gr. mikU, the belly), the nuun 
body-cavity in which the gut is usually sus- 
pended. It contains a colourless fluid. 

CONVERGENCE (L. con, together ; vergo, in- 
cline), the evolution of similar form or struc- 
ture in unrelated organisms, as the result of <1 
similar mode of life, and not as the result of 
inheritance from common, ancestors, 

CORPUSCLE (L. corpiisculum, little body), a 
name given to some ceils, such as blood 
corpuscles. (See p. 1S7 et seq.) 

CYTOPL.'VSM (Gr. kutov, vessel), the proto- 
plasm of a cell, excluding the nucleus. 

DEDIFFERENTIATIOX; the process when*- 
by specialized cells or tissues lose their char- 
acteristics, and become simple (undifferenti- 
ated). 

DOMINANT. When one form (allelomorph) of 
a hereditary factor masks the etiects of 
another fonn of the same factor, when both 
are present together, the first is called dom- 
inant, the second recessive. 

ECTODERM (,Gr. ««t6s, outside ; Sepua, skin), 
the outer of the Germ-lavers (q.v.) pro- 
duced in early development. From it, in 
higher forms, axe produced epidennis and its 
products such as hair <md feathers, skeleton 
of .Arthropods, etc.; the nerv'ous systeng 
sense-organs; and nephridial excretory 
organs when present. 

EFFECTOR (L. efficere, to accomplish), organs 
whose function it is to liberate energy or pro- 
duce material on Injhalf of tlie organism— 
e.g. muscles, glands, electric and phosphores- 
cent organs. 

EFFERENT (L. ex, out ; fero, I carry), carry- 
ing away from: e.g. efferent (or motor) nerves, 
carry impulses outwards from the central 
nervous system. 

ENDOCRINE SYSTEM (Gr. trfior. within; 
KpiveLv, to separate), all the tissues of internal 
secretion ; the ductless glands. 

ENDODERM (Gr. within ; £*>ua, skin, 
membrane), the inner of the Ger.m-layeks 
(q.v.) produced in Metazoa during early 
development. From it, in higher forms, itre 
produced the lining of the gut and of the 
digestive glands, and, in vertebrates, the 
lungs, most of the lining of the gill-sliis, 
thyroid, thvmus and parathyroid- 

ENDOSTYLE (Gr, evSot', within ; o-tvA<k, pil- 
lar), a ciliated glandular groove in the floor of 
the pharynx of Amphioxus, where mucus is 
formed in w’hich food is entangled. The thy- 
roid gland of higher Vertebrates is derived 
from this. 

ENZYME (Gr, h’, in; leaven), one of a 
group of substances in the body which brin^" 
about, or speed up, a particular cheiuu'ai 
reaction. 

EPIPHYSIS (Gr. em^vcric,), the bony disk or 
pad, derived from a separate centre of os'iii- 
fication, found at either extremity of limb 
bones and vertebrae. At maturity, the epi- 
physes become fused with the main body of 
the bone. 

EPITHELIUM (Gr. im, upon; teat), a 
sheet of tissue, one or more cell-layers txiick, 
covering or lining a surface. 


EKYIHROCA TE (Gr. red; Kvroi, 

^ cell), a red bloutl-c.orpusrlf. 

EXCRETION (L. excrcim, separated out!, th** 
process by which wante products are reniwVi-?J 
from the body. 

EXTENSOR (L. etiendo, I stretch out;, a 
muscle or muscles that straighten u 
joint. 

EXTEROCEPTOR (L. exUr. outs iiie; capi’re, 
to take), receptor organs anccled bv chanu^-r 
outside the botiy. 

factors, ot HiTedity, fSee Gunt.^ 

F. ALCES <L. urvj.n.d- , the unutiiizii:! rcfidue sd 
li.e lix d :n tn*- .i.t. 

FLAGELLUM U- lUiip*. a minute extern 1: 
wiup-hke process I'd rertaia rdl% capalih* 
active inoveincnt. When surh pu ‘.as.se.-, .tre 
small and numeroTL-, thf*y are cad d iaix 
(q.v.) ; 11 few, or siugie, llilydla, 

FLEXOR (L-y/rrif^ I bend;, mu'.ck'.- flat fmaid 

^ a joint. 

G. AMETE (Gr. swuse), <>tie of the 

cells which unite at fertilization tu funis a 
zygote. Gametes are usually di^lingm halu*' 
inm male and female. 

GANGLION (Gr. yayicAt-ns suelhni’h at! 
aggregation of nerve eeli- Ij^vdies. 

GASIKIXA (Gr. ya-rrrp, i eilv,i, th#' stage ot 
development m multirelhilar animals whei. 
the embr\’o is a twu-liV^-reri sac surrouridui.. 
the prinutive gut, with one ojieuing, tli' 
blastopore, 

GENE (Gr. y«vcK, origin), the Mendeiian unit - 
in the germ plasm which control the aj'pM’' 
ance ot defmite characters in the oti-pniu; 
hercditaiy laetf xs which segregate accordin^.; 
to Mtmdeiian principles. 

GERM-CELL. A reproductive cell, or rge* 
which will give rise to repnxlucUvr* t elN: a 
cell which is not somatic. (St*e Soma.) 

GERM-LAYER. One of the lundaiuenfal tw'O, 
or thre<% layers of cells which appear e.urly iu 
the developmtnt of inulticeiinlar .aaniab. 
Ail multicellular aninuls ha\ e two, ec{<*^if'nu 
and endodenn; most groups have al-i 
mesoderm. 

GERM-PLASM, The sum of the herfdifvirv 
factors; that part of the organism whirh is 
transmitted to its descendants in rrpro<iut- 
tioE. 

GLAND (L. glans, nut), an. organ wiic'se divt 
function it is to secrete or excrete 
special substance. 

GONAD (Gr, yt'o/o?, reproduction!, an organ of 
sexual reproduction (ovarv or testis). 

HAEMOGLOBIN (Gr. wna, hlixxl; 1 . shhwh 
a naiind, hence globulin, a prateidj, the red 
colouring matter in blood, cout'crnt-d with 
the transport of oxygen. 

HERMAPHRODITE' '(Gr, ilpun?, the 
Hermes; ’AtfipoSirq, the goddess Aplirodite), 
having both male and temale reproductive 
organs. 

HISTOLOGY (Gr, iofros, web; /oyo«. Ui~- 
enurse), the study of tis'^ues £md tyjx's 01 
cells in plants and animals. 

HORMONE iGr. J stir u.p., a secretion 

which circulates in the ..nd intlueaces 
organs and tissues other than those fr«mi 
which it was produced, 

HYDRANTH (Gr. w,iter-sf-q>ent: 

flower), the flow'er-like indi^iduiN, with 
nutritive I'lmcticm, oi hydroid cohnnf 
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INHIBIT (L. inhibeo, I prevent), to check. 
The inhibitory action of nerves reduces the 
activity of muscles or glands. 

INSULIN (L. insula, an island), the internal 
secretion of the pancreas, produced by scat- 
tered groups of ceUs caUed the islets of 
Laugerhans. Insulin is necessary for the 
utilization of sugar by the tissues. Lack of it 
causes diabetes. 

INTESTINE (L. iniestinus, within), that part 
of the alimentary canal where digested food 
is absorbed and the imdigested residue con- 
verted into faeces. 

KILOCALORIE. (See Calorie.) 

LARVA (L. larva, ghost, mask), a stage in the 
development of some animals, when, after 
hatching from the egg, they are self-support- 
ing, but very different in structure and mode 
of life from the adult; e.g, caterpillar, tad- 
pole. 

LEUCOCYTE (Gr. XevKos, white; kvtos, 
vessel), a white blood-corpuscle. 

LINKAGE. The tendency of certain genes to 
remain together from generation to genera- 
tion, more frequently than would be ex- 
pected on simple Mendelian principles, be- 
cause they are situated in the same chromo- 
some. 

LYMPH (L. lympiia, water), a colourless liquid, 
containing corpuscles, circulating in the 
bodies of vertebrates. Lymphatics, the 
system of vessels which contain lymph. 
MAMMALIA (L. fmmma, breast), the class of 
vertebrate animals which suckle their young, 
and possess hair. 

MEDUSA (Gr. MeSovo-a; the Gorgon), a name 
given to the main free-swimming type of 
Coelenterate, the jelly-fish. (See Polyp.) 
MESENTERY (Gr. ugcos, middle; emepov, 
intestines), the double membrane, containing 
nerves and blood-vessels, which supports and 
keeps in place the gut in the body-cavity 
(coelom). 

MESODERM (Gr. fi€(ro<s, middle; Bepua, 
skin), the middle of the three germ-layers 
formed in the early development of most 
Metazoa, From it are derived, in higher 
forms, the muscles, the blood and circulatory 
system, the connective tissues, the coelom, 
the reproductive organs, coelomoduct excre- 
tory organs (e.g. vertebrate kidneys), and, in 
Vertebrates and Echinoderms, the skeleton. 
METABOLISM (Gr. nera^okrt, change), a 
general term including all the chemical pro- 
cesses which take place in a living organism. 
METAMORPHOSIS (Gr. /xerauopcjiwcri?, trans- 
formation), a relatively abrupt change in 
development from one phase to another with 
markedly different structure and mode of 
life. The change from Larva (q.v.) to adult. 
MITOSIS (Gr. fxiros, thread), the processes in 
tj^ical nuclear division, in which the Chro- 
mosomes (q.v.) appear as thread-like bodies. 
Also called Karyokinesis. 

MODIFICATION. A non-heritable variation 
in an organism, produced by the action of the 
environment, or by the use or disuse of parts. 
(See also Mutation, Recombination.) 
MORPHOLOGY (Gr. form; koyos, dis- 

course), the study of structure and form, 
MOTOR (L. mottts, motion). (See Efferent.) 
MUTATION (L. mutaiio, change), a sport or 
variety, which appears suddenly owing to a 


change in the hereditary constitution; a 
variation in an organism which appears sud- 
denly and is inherited (see also Modifica- 
tion and Recombination). Most mutations 
affect single Genes (q.v.) ; others are due to 
the addition or subtraction of single chromo- 
somes or sets of chromosomes. 
NEUROBLAST (Gr. vevpov, sinew; /SAaorros, 
germ), an embryonic cell of nervous tissue: 
one of the ceils from which Neurons (q.v.) 
^ are formed. 

NEURON (Gr. vevpov, sinew), a cell-unit of the 
nervous system: a nerve-cell with all its pro- 
cesses, including the Axon (q.v.) or nerve- 
fibre springing from it. 

NOTOCHORD (Gr. vSirov, back ; ’xopSiq, string), 
a rod of cells in aU vertebrate embryos, which 
is the precursor of the backbone, and which 
in some lower Chordates (e.g. Amphioxus, 
Lamprey) persists throughout life. 
NUCLEUS (L. a kernel), a specialized part of 
the protoplasm in the interior of all typical 
cells ; it is rich in chromatin, and contains the 
chromosomes. It is essential both for meta- 
bolism and heredity. 

ORTHOGENESIS (Gr. op96<;, straight; 
yiveai^, descent), evolution in a definite 
direction. 

OVUM (plural, Ova) (L. ovum, egg), a female 
gamete or egg. 

PARASITE (Gr. vapacnros, one who feeds at 
another’s table) an animal or plant which 
lives and grows upon another living organism, 
and gives nothing in return. 
PARASYMPATHETIC SYSTEM (Gr. rrapd, 
beside 4- sympathetic, q.v.), part of the 
Autonomic Nervous System (q.v.) chiefly 
concerned in the stimulation of muscles and 
glands connected with vegetative activities 
like digestion, reproduction, etc., and in the 
inhibition of processes concerned with violent 
action of the organism as a whole. (See 
Sympathetic.) 

PARATHYROID (Gr. irapd, beside -f* thyroid, 
q.v.), a small ductless gland, situated near 
the thyroid, which controls the calcium 
metabolism of the body. 

PERISTALSIS (Gr. TrepLcrriWco, I constrict), 
rhythmic waves of contraction and relaxa- 
tion of the involuntary muscles of the gut 
and other tubular viscera, which force the 
contents along the tube. 

PHAGOCYTE (Gr. (f^ayelv, to devour; kvtos, 
cell), amoeboid cells in the bodies of multi- 
cellular animals, which devour foreign 
bodies, including dead cells of the same 
organism, intruding bacteria, etc. Phago- 
cytosis, the action of phagocytes. 

PHYLUM (plural. Phyla) ( Gr. 4>vXov, tribe), 
one of the main groups of the Animal I^g- 
dom, of which about twelve are recognized. 
PHYSIOLOGY (Gr, ^vcrtoXoyia, an inquiring 
into nature), the study of the functions of 
organisms. 

PITUITARY BODY (L. pituita, mucus), a 
small ductless gland at the base of the brain. 

It is divided into anterior and posterior lobes. 
The secretion of the anterior lobe appears to 
regulate growth ; that of the posterior lobe to 
stimulate smooth muscle, to cause amphibian 
pigment cells to expand, etc. 

PLACENTA (L. a flat cake), the organ in 
higher mammals by which the embryo is 
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nourished and supplied with oxygen within 
the mother’s body. It is formed of interlock- 
ing maternal and embryonic tissue, in which 
embryonic blood-vessels come into close con- 
tact (but not open communication) with 
maternal blood-vessels. A somewhat similar 
arrangement is found in some sharks. 

PLASMA (Gr, rrkdcr(xa^ formative material), 
the fluid part of blood; blood minus the 
corpuscles. 

POLYP (Gr, TToAvTrot's, many-footed), a name 
given to the sessile type of Coelenterate (e.g. 
Hydra, sea-anemone, coral) on account of 
their numerous tentacles. (See Medusa.) 

PROPRIOCEPTOR (L. proprius, one’s own; 
capSre, to take), receptor organs aSected by 
changes within the body (e.g. altered bal- 
ance ; differences in muscukir tension). 

PROTOPLASM (Gr. irpwTOS, first; tjrAacr/xa, 
form), “the physical basis of life’’ ; the living 
substance contained in organisms. 

PROTOZOON (plural Protozoa) (Gr. n-pturos, 
first ; (ifiov, animal), a unicellular animal. 

RECEPTOR (L. receiver), those organs whose 
function is to be sensitive to stimuli. (Sec 
Exteroceptor, Proprioceptor.) 

RECESSIVE. One form (aUelomorph) of a 
hereditary factor whose eflects are masked 
by another (dominant) form of the same 
factor. (See Dominant.) 

RECOMBINATION. A variation in an or- 
ganism produced by a fresh combination of 
existing hereditary factors. (See also Modifi- 
cation and Mutation.) 

REFLEX (L. re, back; fiect^re, to turn), a 
movement which takes place independently 
of the will, as a result of stimulation and of 
predetermined connexions in the nervous 
system; the setting into action of an effector 
organ, as a result of stimulation of a receptor 
organ, through predetermined paths in the 
nervous system. , , 

SECRETIN. A secretion from the lining of the 
intestine which, conveyed in the blood, 
causes the pancreas to produce its external 
secretion, pancreatic juice. 

SECRETION (L. secerm, I set apart), (I) a sub- 
stance formed by the activity of a gland — 
e.g. bile from the liven gastric juice from the 
wall of the stomach: saliva from salivary 
glands; (2) the formation of such a sub- 
stance. 

SEGMENTATION (L. segtmntum, a cutting), 
dividing into parts. (1) segmentation of the 
egg: the division of the activated egg into a 
number of small cells or blastonieres ; ^ (2) 
metameric segmentation: the “cutting-up” of 
the body of many higher metazoa into a 
number of parts, produced originally by the 
reduplication of the trunk region. 

SEGREGATION. The clear-cut separation of 
the members of a pair of hereditary factors 
or genes from each other before the forma- 
tion of gametes; separation of a pair of genes 
without mutual contamination. 

SENSORY (L. sentio, I feel.) (See Afferent.) 

SERUM (L. whey), a watery fluid that separ- 
ates from blood when it clots. 

SOMA (adjective, Somatic) (Gr. <iwn<r, body), 
the individual body of an organism as op- 
posed to the germ-cells: that part of the 
organism limited to its individual life as 
opposed to that part capable of reproduction. 
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SPERMATOZOON (or Sperm) (plural 

Spermatozoa) (Gr. orn-epMa, sperm; 
animal), the male gamete, when nurkedly 
diflerent from the female gamete. Moa.t 
sperms are capable of active swininimg. 

SPHINCTER (Gr. (rpiyywi, i bind tight), a 
circuiar band of muscle which can close .an 
aperture by its contraction. E.g. the 
sphincter of "the pvlorus of the stomach. 

SYMPATHETIC SYSTEM (Gr. era-, with; 
irdRov, suilering), p.xrt of the Autonomic 
Nervous System (q.v.) rhielly concerned in 
the stimulation of muscles and glands con- 
nected with violent activities of the whole 
organism (e.g. defence, attack, flight, etc.) 
and in the inhibition of v'cgetative prot esses 
like digestion. (See i*AKAsy.Mi*Ai'HEiic.| 

THYMUS (Gr. tuk, soul), a glmJuUr Inxi}’ in 
the neck region, of unknown iiiiction, de- 
rived from the eoitliehum of certun gill-dits. 

THYROID GLAND ,Gi-. 
shaped), a ductless gl.md situated in the 
front of the neck, and derived from a ;j<xket 
in the floor of the pharynx. Its secnhion, 
thyroxin, iC,jHnO«NT«), accelerates the 
rate of metabolism, :md causes the meta- 
morphosis of AmphibirUi tadpoles. 

TRACHE.\ (Gr. rpa\v<;, rough), (1) in land 
vertebrates, the windpipe; |2t in insects and 
spiders, one of a number of air-tubes which 
constitute the respiratory system. 

TRACHEOLE (diminutive of Trachea), one 
of the ultimate fine branrhesof the Trachfae 
( q.v.) of insects and other land Arthropods. 
Tracheoles may penetrate the interior of 
cells. 

URE.\ (Gr. of'poi', urine), a nitrogenous com- 
pound (CO,(NH*)a), the chief waste prcMluct 
discharged in mammalian urine. I'he first 
organic compound to be artificully synthe- 
sized. 

VASOCONSTRICTOR (L. vas, vessel; 4- con- 
strict), causing the contraction of blood- 
vessels. 

VASODILATOR (L. vas, vessel; -f dilate), 
causing the expansion of blood-vessels. 

VASOMOTOR (L, I'as, vessel; motor, nmver), 
controlling the movements (aaitraction or 
expansion) of blood-vessels, 

VEIN (L, vena), a ve^d which convej-s blocwi 
from the tissues to the heart. Most venous 
blood is dark in colour as the result of the 
removal of oxygen by the tissues. 

VERTEBRA (plural Vertebrae) (L. joint), one 
of the cartilaginous or bony segments of the 
spinal column. . , 

VERTEBRATE. An animal having a back- 
bone. The group of vertebrates includes 
cyclostomes, fish, amphibia, reptiles, birds 
and raaramals. (See Chordates.) 

VESTIGAL (L. vestigium, trace), an organ 
which has become reduced in the course of 
evolution until its original function is wholly 
lost. E.g. the hind-limb of whales. 

VITAMIN (L. nta, life; amine, one of the com- 
pound ammonias), “an unknown but e«ntial 
accessory factor of diet.” Several different 
vitamins exist. Their absence leads to such 

diseases as beri-beri, scurvy, etc. 

ZYGOTE (Gr. joined together), the 

cell produced by the fusion of the gametes in 
sexual reproduction. In Metazoa this Is the 
fartilized ovum. 
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THE MIND AND ITS WORKINGS 
BY C. E. M. JOAD 




CHAPTER ONE 


INTRODUCTORY: THE MIND-BODY 
PROBLEM 

SPECULATIVE CHARACTER OF PSYCHOIOGY 

P SYCHOLOGY IS THE scicHce of tlic mind; it seeks, in other 
words, to give an account of the way in wliicli the mind works. 
Unlike other sciences, however, it is concerned less with facts than 
with theories. Chemistry^ for example, presents us with a number or 
facts about the elements of matter, and arranges these facts in accord- 
ance with certain laws; nobody doubts that these facts are facts, or 
denies that the laws wliich the facts are said to exemplify really do 
apply to them. So certain are scientists about these laws that they are 
enabled by means of them confidently to predict the occurrence or 
facts which do not yet exist. They can tell you, for example, that it 
you combine two parts of hydrogen with one of oxygen the result 
will quite certainly be water. And what is true of chemistry is true 
of all the sciences in a greater or less degree. But it is not true or 
psychology for the reason that in psychology there are no facts which 
everybody agrees to be facts, and, as a consequence, tliere are no 
universally accepted laws in terms of which the facts can be explained. 
In other words, aldiough you can say that a stone will fall downwards 
if you drop it from a window, you cannot be sure that man will 
lose his temper if he sits on a pin; you cannot even predict that he 
will swear. 

To put the point in another way, psychology still belongs very 
largely to the province of speculation. We cannot say tliat the mind 
works in this way or in that way; we can only wonder and propound 
theories about it; and on the great majority of important questions 
tliere are several contradictory theories. This does not necessarily 
mean that psychology will never attain to certain and agreed know- 
ledge. All the sciences were bom into the realm of speculation; they 
all, in other words, started life as philosophy. The ancient Greeks 
wondered about die stars, about the properties of matter and about the 
functions of the human body; for them all these branches of inquiiy 
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formed part of philosophy. So soon, however, as anything definite 
came to be known about these matters, they ceased to be philosophy 
and, under the names astronomy, physics and physiology, became 
sciences in their own right. 

Now psychology is in a transition stage. In some very few respects 
it has attained definite knowledge and is entitled, therefore, to be 
called a science; but with regard to the great majority of the questions 
it studies it has still to emerge from the phase of wondering or 
speculation. What is more, and here we come to a very disturbing 
fact, whenever psychology does manage to obtain a piece of definite, 
accurate and agreed knowledge, it turns out to be knowledge not 
about the mind but about the body. Why is this? 

The discussion which an answer to this question involves, besides 
being interesting in itself, will admirably serve the purpose of intro- 
ducing our subject, and I propose, therefore, to occupy the remaining 
pages of this introduction by indicating as briefly as I can what the 
answer is. 

THE RELATIONSHIP OF MIND AND BODY 

It is obvious that one of the most important things about the mind 
is its relationship to the body. Mind and body are continually inter- 
acting in an infinite number of difierent ways. Mind influences body 
and body mind at every moment of our waking Hfe. If I am drunk 
I see two lamp-posts instead of one; if I fail to digest my supper, I have 
* a nightmare and see blue devils; if I smoke opium or inhale nitrous 
oxide gas I shall see rosy coloured visions and pass into a state of 
beatitude. These are instances of the influence of the body upon the 
mind. If I see a ghost my hair will stand on end; if I am moved to 
anger my face will become red; if I receive a sudden shock I shall go 
pale. These are instances of the influence of the mind upon the body. 
The examples just quoted are only extreme and rather obvious cases 
of what is going on all the time. Many tliinkers indeed assert that 
mind and body are so intimately associated that there can be no event 
in the one which does not produce some corresponding event in the 
other, although the corresponding event, wliich we may call the 
effect of the first event, may be too small to be noticed. The inter- 
action between mind and body is, at any rate, a fact beyond dispute. 
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Yet when we come to reflect upon the manner of this interaction, it 
is exceedingly difficult to see how it can occur. Mind,®*' it is clear, 
must be something which is immaterial; if it were material it would 
be part of the body. The contents of, or the events which happen in 
the mind — that is to say, wishes, desires, thoughts, aspirations, hopes, 
and acts of will — are also immaterial. The body, on the other hand, 
is matter, and possesses the usual qualities of matter, such as shape, 
size, weight, density, inertia, occupancy of space, and so forth. 

Now there is no difficulty in understanding how one material 
thing can be influenced by another. Each possesses tlie same attributes 
of size, shape and weight, in virtue of which each can, as it were, 
communicate with or “get at” the other. Thus a paving stone can 
crush an egg because the egg belongs to the same order of being as 
the stone. But how can the paving stone crush a wish, or be affected 
by a thought? Material force and mass have no power over ideas; 
ideas do not exert force nor do they yield to mass. How in short can 
that which has neither size, weight nor shape, which cannot be seen, 
heard or touched, and which does not occupy space, come into 
contact with diat which has these properties? 

Mmd and matter seem, then, to belong to two different worlds, to 
partake of two different orders of being, and the problem of their 
interaction is the problem of the whale and the elephant raised to the 
«th degree. In these circumstances the question immediately arises, 
“Is it really necessary when accounting for the operations of the 
human body to postulate the mtervention of mind after all?” 

THE WORKING OF THE NERVOUS -SYSTEM 
Let us look at the question in a Httle more detail. Suppose that I 
place my hand upon the poker, find that it bums me and quickly 
withdraw my hand. What exactly is it that has happened? The heat 
of the poker stimulates the terminals of the nerve cells in my fingers. 
These nerve cells or neurones are in contact with other nerve cells, 
and a stimulus applied to any one of them is accordingly passed on to 
the next. The machinery of transference is as follows: Each nerve 
cell has a number of filaments attached to and extending from it. 

♦It is important to emphasize the fact that the word “mind” does not mean the same as the 
word “brain” ; the brain is material. 
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These filaments are known as dendrites. One filament is considerably 
longer and finer than the others, and is known as the axon, and it is 
through the axon that the stimulus or impulse passes through to the 
next neurone or nerve cell in the chain. The points of contact between 
the axons, known as synapses, act like valves; that is to say, they let the 
stimulus or impulse pass in one direction only; it is not allowed to 
return on its track. The central part of the nervous-system, forming a 
sort of highway along wliich all impulses pass, is the spinal cord. 
Travelhng by this road the heat stimulus to the nerve cells in my 
fingers reaches the brain. Here it enters a complicated system of tiers 
and layers of neurones. These tiers or layers act as the clearing houses 
of the nervous-system, sorting out the different messages received 
from all parts of the body, and determining wliich of them shall be 
passed on for the purposes of action. Passing on a stimulus for the pur- 
poses of action means transferring it to another system of neurones, 
known as the effector nerves or motor nervous-system, which govern 
the movements we make, as opposed to the receptor nerves or sensory 
nervous-system, which receive and transmit the sensations we feel. 
Assuming that the brain has decided to take action in respect of the 
stimulus from the poker, it lets tlie stimulus pass through to the 
neurones composing the motor nervous-system; these in their turn 
pass on the stimulus received from the brain to the fingers, as the 
result of which the latter are withdrawn from the poker. The whole 
procedure may be likened to sending a message from the fingers to 
the brain in response to which another message is sent back to the 
fingers. Now the processes involved in the sending of these messages, 
complicated as they appear, seem, nevertheless, when we look at 
them from the point of view of the body, to be purely automatic. It 
is hke putting a penny into a slot machine and taking out a box of 
matches. Nor does it appear to be necessary to introduce a mind or 
consciousness at any stage of die process to explain what it is that hap- 
pens or why it happens. It may be true diat we feel die heat of the 
poker, and that the feeling is a psychological or mental, as opposed 
to a physiological or bodily event; but it may also be true that the 
feeling has nothing to do with the withdrawal of the fingers, which 
is a purely automatic result of the applied stimulus. 

I have deliberately taken the simplest possible case, and one in which 
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the action of the body is, on any view of the mind-body relationship, 
as nearly automatic as it is possible for it to be. But if we can explain 
some of our actions, however simple they may be, without introduc- 
ing tliis mysterious thing mind, may it not be possible that the same 
sort of explanation, enormously complicated, of course, but still con- 
fining itself purely to bodily terms, might be invoked to accomit for 
all our actions? In any event should we not in the interests of science 
leave no stone unturned in order to make it do so, hoping that an 
increase in knowledge about the body will cause the gradual dis- 
appearance of many difficulties which at present beset the attempt to 
explain, not only action but thought in bodily terms? 

Since this is the fundamental problem of all psychology upon wliich 
modem psychological controversy very largely turns, let me try to 
put the point in a somewhat different way. 

Let us suppose that in the diagram abb'c 
is a circle which roughly represents the pass- 
age of a stimulus or impulse round the ner- 
vous-system. The stimulus is applied to A 
(the fingers), and passes into the brain at B. 

I have marked off a definite segment of the 
circle from b to b' to indicate the fact that 
diere is a definite passage through the brain, 
the point at which the impulse leaves the 
brain at b' being different from that at 
which it enters at b. This is a passage through 
exceedingly compHcated tiers of neurones 
which apply a process of sifting or sorting 
to the impulses received, with a view to determining which of them 
shall be passed on to the motor apparatus for action. The part of the 
circle from b' to c represents the motor or effector apparatus, c being 
again the fingers, or in other words the point at which the motor 
impulse travelling down to C causes us, as we say, to take action. 

Now the point at issue among modem psychologists is this: is the 
passage of an impulse round the nervous-system a passage which can 
be completely described at every stage in physiological terms, suffici- 
ent in itself to explain what happens whenever the organism feels and 
acts? If it is, then we may think of bodily actions on the analogy of 




392 THE MIND AND ITS WORKINGS 

the movements of water in a full reservoir. One pipe leads into the 
reservoir, another out of it; whenever, therefore, fresh water comes 
in through the first pipe, it will cause an overflow of water which will 
be drained off through the second. The process is a purely automatic 
one and takes place in accordance with physical laws. Whenever, in 
other words, a stimulus is appHed at one end of the chain, then the 
appropriate reaction will occur at the other. 

If it is not, then we must assume that this nervous chain is broken; 
that when the impulse reaches the first B, it leaves the brain altogether 
and passes out of the circle into something of an entirely different 
nature from B, which we will call d, the mind. How this occurs we do 
not know; but, if it does occur, the result will be, first, that we shall, 
as we say, be aware of or feel the stimulus; secondly, that this aware- 
ness or feeUng will be a purely mental event not explicable in bodily 
terms; and thirdly, that having experienced it, the mind may or may 
not decide to give effect to the stimulus by instructing the brain to set 
the nervous-system to work to remove the fingers. The nervous- 
system will in the former event begin to work again — ^indeed, it must 
operate if action is to follow — but it will come into operation after a 
break, during which the body has ceased to function and something 
which is not the body has taken charge. 

THE ALTERNATIVE EXPLANATION 

This, putting the point very crudely, is the other alternative, and it 
involves a hypothesis, the hypothesis of the existence of a mind, of 
something, that is to say, which is not of the same order of being as 
the body, which all those who are dissatisfied with the materialist 
view must in some form or other adopt. In favour of it there is the 
obvious fact that we do not seem to be the mere slaves of our bodily 
stimuli, slot machines which, when the penny is inserted, work 
because we must, but appear to be endowed with a power of choice, 
in virtue of which we can decide whether or no we shall obey them, 
and if we do, in what way. If, for example, I am hanging on to the 
edge of a precipice with one arm and a wasp stings my hand, I shall 
probably not withdraw the hand, in spite of the stimulus which it has 
received. Facts of this sort are difficult to explain without introducing 
mind. An explanation can indeed be given in physiological terms, but 
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it is exceedingly complicated and lias the appearance of merely push- 
ing the problem further back. 

We can say, for example, that another set of impulses stimulating 
the fingers to retain a tight hold of the precipice edge is already in 
command of the effector nerves leading to the arms, that these nerves 
cannot, therefore, be utilized by the withdrawing impulses unless the 
holding-on impulses are first ousted; that two sets of impulses are, 
therefore, in competition for the use of the effector nerves, and that 
the nervous centres in the clearing house of the brain determine which 
of the two sets shall employ the effector nerves, by getting control of 
what is known as the ‘‘final common path.” But is this determining 
process a purely automatic one, depending on the relative strength of 
the two sets of impulses; or does it not in itself presuppose a mental 
act of decision which instructs the clearing house in the brain which 
set of impulses to let through and which to keep out? 

The mental hypothesis is beset with the general difficulty to which 
I have already referred — the difficulty, namely, of conceiving how 
what is non-material can act on matter. 

The next two chapters will be concerned with the elaboration of 
these two alternatives. In Chapter Two I shall consider various forms 
of the materiahst psychology — that is to say, of that kind of psy- 
chology which, since it endeavours to explain everything that hap- 
pens without introducing a mind, is not really psychology at aU but 
physiology. In the third chapter I shall consider the objections to this 
mode of interpretation, objections which, if they are vdid, lead to the 
view that we cannot explain the facts of psychology without bringing 
in the mind, 

WHY PSYCHOLOGY IS CONTROVERSIAL 
Besides serving the purpose of providing a general survey of the 
ground to be covered, the above discussion enables us to answer the 
question which we raised at the beginning of the chapter — the ques- 
tion, namely, why it is that psychology stiU belongs in tlae main to 
the realm of speculation and hypothesis rather than to that of exact 
scientific knowledge. 

That this must necessarily be the case, so long as the fimdamental 
question of psychology — ^the question whether there is a mind to 
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Study— remains controversial, is obvious. But there is a furtlier special 

reason for the inexact character of psychological knowledge. 

Returning for a moment to the diagram given above let us pre- 
suppose the truth of the mental hypothesis, and assume, accordingly, 
that the stimulus on reaching b leaves the circle of the nervous-system 
and causes or becomes a set of occurrences of an entirely different 
order, occurrences which we call feelings of pain, shock, or warmth, 
which happen in the mind (d). It wiU still be the case tliat with regard 
to these mental occurrences, feelings, emotions, and sensations, we 
jiiiall be able to affirm practically nothing which is at once exact, 
definite, and generally agreed. The nature of the emotions and feel- 
ings, for example, is, as wiU be seen in a later chapter, one of the most 
controversial subjects in psychology. W^hat is true of the emotions or 
feelings is equally true of all mental events. It turns out, in fact, that 
when we do obtain exact and reasonably certain knowledge of the 
workings of that compound whole which is partly mmd and partly 
body, it is knowledge about the bodily side of it. 

About the parts of the circle which lie between A and b, and b' and 
c, we are actively increasing our stock of detailed scientific knowledge. 
We can manipulate the nervous-system in various ways in the con- 
fident expectation that such and such results will follow. But the part 
of the process represented by the lines bd and dbb' is still shrouded in 
obscurity, and it is doubtful whether we shall ever be able to give an 
exact account of it. Certainly we cannot do so yet, a fact which many 
regard as constituting a strong argument for cutting out D altogether. 

This is what is meant by saying that psychology, so far as it deals 
with facts, so far, that is to say, as it is scientific, is not psychology at 
all but physiology. 



CHAPTER TWO 


THE MIND AS AN ASPECT OF 
THE BODY 

I PROPOSE IN THIS chapter briefly to outline those theories of 
psychology which seek to interpret the facts of human conscious- 
ness and behaviour without postulating the existence of a distinct and 
unique entity called mind. By the word mind I mean something 
which is not material, which is not, therefore part of the body, and 
wliich does not obey the laws of chemistry and physics which the 
body obeys; in tliis sense all the theories with which we shall be con- 
cerned may be called materialist. Some of these theories do indeed 
admit the possibility of the existence of mind in the sense described, 
but they nevertheless affirm that, if it does exist, its only function is to 
be aware of events that occur in the body. It does not initiate these 
events nor does it control them; it merely registers them, what we call 
a thought or a feeling being a mental reflection of a disturbance in 
the brain or the body. 

Theories of this latter type may also be classed as materialist, since, 
in denying to the mind any directive or creative function, they do in 
fact assert that the important tiling about the individual is his body, 
implying thereby that his thoughts and behaviour will ultimately be 
found to be expHcable in terms of the laws which govern material 
bodies — that is to say, the laws of physics and chemistry. 

We are concerned, then, with the view of human psychology which 
says: “Either there is no such thing as mind, or, if there is, then every- 
thing which happens in the mind is a mere reflection of something that 
has first happened in the body.’’ This view was very widely held in 
the nineteenth century, and is advocated by many psychologists in a 
somewhat different form today. We will consider first its nineteenth- 
century form. 

NINETEENTH-CENTURY VIEW OF MIND 
It must be remembered that the tendency of nineteenth-century 
science was to belittle in every direction die importance of the part 
played by mind in the scheme of the universe. The work of Darwin 
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had been used as the basis of a qonception of evolution, in which the 
advance of Hfe from the primitive amoeba to the fully developed man 
was described and accounted for without postulating the intervention 
of mind at any stage of the process. It was to variations in species, to 
the fact that offspring did not entirely reproduce the characteristics of 
their parents, that the development of life was due, and, when pressed 
for an explanation of the question how and why these variations 
occurred, Darwin confessed to a complete agnosticism. They just hap- 
pened, fortuitously it must be presumed, and those which were suited 
to their environment survived. The only other theory in the field, 
that of the French materiaHst Lamarck, ascribed the origin of varia- 
tions to the influence of environment. The environment changed, 
and the species either adapted itself by changing vrith it, or paid the 
penalty for its inability to do so by extinction. In any event the process 
was automatic; the movement and development of life was due not 
to the fulfilment of a purpose, or the execution of a plan, but to the 
influence of external material conditions upon livmg organisms. For 
the root cause of vital occurrences we must, m short, look to changes 
in material conditions. 

Geology and astronomy reinforced these conclusions. Geology had 
enormously extended the age of the world, astronomy the size and 
spread of space, and m the vast immensities of geologic time and 
astronomic space Hfe seemed hke a tiny glow flickering uncertainly, 
and ultimately doomed (when, for example, die sun grew too cold to 
maintain suitable conditions upon the earth) to go out altogedier. 
Life, then, was a chance occurrence in a fundamentally mindless uni- 
verse, a passenger across an alien and mdifferent environment, destined 
to finish its poindess journey with as litde noise and significance as, in 
the person of the amoeba, it began it. Meanwhile it would continue to 
be at the mercy of material forces; changes in life would reflect and be 
conditioned by prior changes in matter, and living organisms, instead 
of being the cause of physical events, would merely register their 
occurrence. 

It will be seen, therefore, that the tendency to reduce the status and 
importance of mind, to subordinate it to material forces, and to think 
of causation as proceeding always from the more material to the less, 
was already in the air, and contemporary psychology merely carried 
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it to its logical conclusion. Among the infinite permutations and com- 
binations through which the forms of matter had passed in the course 
of its evolution, there had occurred one in which, so psychologists 
argued, matter had become conscious of itself. It was this self-con- 
sciousness of matter that was called mind. Mind, tlien, was a highly 
refined and attenuated form of matter, a sort of halo surrounding the 
brain. Its function was to light up the events occurring in the brain, 
and when this illumination occurred we were said to be conscious of 
the events. 

MIND AS A REFLECTION OF THE BRAIN 

The function of the mind being limited to fighting up or registering 
events occurring in the brain, it is clear that it cannot register what is 
not there; it follows that there can be no event in the mind unless there 
has been a preceding event in the brain. Mental events are, therefore, 
never the cause but always the effect of bodily events. We are all 
familiar with the kind of interpretation which explains mental occur- 
rences with remarks such as, ‘1 have been walking in an east wind 
which has given me a headache and made me depressed”; or, “I have 
been drinking heavily aU my fife and am beginning to see things” — 
explanations which account for what occurs in the mind in terms of 
what has first occurred in the body; and it is precisely this type of 
explanation which was now extended to cover willings, wishdngs, 
thinkings, hopings, and rememberings, in a word all tlie workings of 
the mind. Hence just as in the universe outside, so also within the 
individual organism causation proceeds always from the more 
material to the less. 

Man is the creature of external forces, and his mind is the creature 
of his body; just as changes in man’s body are due to changes in the 
environment to which he reacts, so also are changes in his mind due to 
his bodily reactions to his environment. Thus the chain of physical 
causation, from the stirrings of fife in the first speck of protoplasmic 
jelly to my thoughts as I am writing this book, may be regarded as 
complete. Many finks have still to be established; it is, for example, at 
present only possible in a very few cases to say how and in what way 
the body determines the workings of the mind, but the fillin g in of 
detail is simply a question of further research; the main outlines of the 
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picture are already sufficiently clear enough to be comprehended. 

It is obviously impossible within the limit of a short chapter to 
indicate all the ways in which physiological psychology seeks to fill 
in the details, in its attempt to explain mind action in terms of bodily 
action. I propose, however, to give a few instances of explanations of 
mental happenings that have in fact been advanced, in order that the 
reader may form for himself an opinion on the practicability of the 
attempt. I wffi choose as examples physiological accounts of the emo- 
tions and the will, and then devote a few pages to a brief description 
of the so-called Behaviourist psychology, which dispenses with the 
conception of consciousness altogether. 

THE EMOTIONS 

A celebrated theory of the emotions wliich admirably illustrates the 
materialist attitude to psychology is that propounded by the psy- 
chologist William James in collaboration with Professor Lange. The 
general standpoint of William James was not by any means identical 
with that of the materialists, but it so happens that his theory of the 
emotions fits very well into the materialist framework. 

To the plain common-sense man his emotions appear to be aspects 
of his psychological being, which are called into action by the percep- 
tion of an external situation which, as we say, arouses them. If we see 
a ghost, we feel frightened; if we see a child torturing a kitten, we feel 
indignant. The emotion is in each case thought to be, as it were, per- 
manently there, even when it is latent, a sort of continuing factor in 
our psychology, waiting for the appropriate situation to call it into 
action. It was tliis kind of conception, which we may call the ordinary 
view of the emotions, that the James-Lange theory denied. Its authors 
were sceptical of the existence of these emotions as separate psycho- 
logical entities, did they, for instance, exist when they were not active, 
and if so, where? 

Their view very briefly was that an emotion was the perception of 
a physiological change in ourselves. For example, it is found that when 
we feel the emotion of fear, some glands situated on the kidneys 
known as the adrenal glands, discharge a certain amount of fluid 
secretion, which in its turn produces important changes in the tensions 
of the muscles and in the blood, resulting in increased rapidity of 
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heart-beat and dilatation of the pupils. The awareness of these bodily 
occurrences constituted, according to William James, the emotion of 
fear. Now the question at issue between the exponents of the James- 
Lange theory and those who adopt what I have called the common- 
sense view is simply this: Does the fear emotion precede and cause the 
gland excretion, or does the gland excretion precede and cause the 
fear emotion? 

Many experiments have been made with a view to testing the con- 
clusions of the James-Lange theory, but unfortunately no way has 
been found of settling the question at issue in a manner which is satis- 
factory to both parties. All that the facts entitle us to say is that the 
bodily event and the mental event are found in invariable accompani- 
ment. Our view as to which precedes and causes which will depend 
upon our general attitude to the mind-body problem. When James 
said that an emotion was simply a mental awareness of a preceding 
physiological event, he was invoking that conception of the mind 
which regards mental activity as being always a reflection or register 
of preceding bodily activity, to which we have referred. As he puts it, 
“We feel sorry, because we cry.” If there occurred neither tears nor 
any of the other physiological accompaniments of sorrow, we should 
not feel sorry. 

INSTINCT IN ANIMALS 

Modern materialists are inclined, it is true, to doubt whether the mere 
occurrence of a bodily disturbance is in itself sufficient to cause the 
emotion. They are inclined to say that the first thing that happens to 
us when we see a tiger is an instinctive adaptation to the situation, 
which takes the form of physical flight. This instinctive adaptation 
results in modifications of the heart-beat, of the breathing, and so forth, 
which are designed to facilitate flight, and it is our awareness of these 
modifications which is the emotion of fear. In other words, the begin- 
ning of the whole chain of events which ends in the emotion is an 
instinctive tendency to act in a special kind of way. The question of 
whether this instinctive tendency is itself explicable on materialist 
lines raises the further question of the nature of instinct in general with 
which we shall deal in a later chapter. For the present it will be suffici- 
ent to point out that, even if we assume an instinct to be the first chain 
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in the sequence of events wliich ends in emotion, there is no insuper- 
able obstacle in the way of a physiological account of the origin of 
instinct. So much, at least, emerges from a consideration of animal 
psychology. 

ANIMAL PSYCHOLOGY 

We may perhaps take this opportunity of mentioning the fact that it 
is to animals rather than to human beings that psychologists have 
increasingly directed their attention in recent years. The processes of 
an animal’s mind are simple and their connexion with bodily stimuli 
is easier to detect; moreover nobody wishes to think that animals are 
either virtuous, reasonable, or aesthetic, and there is accordingly less 
danger when dealing with animal psychology that the acceptance of 
theories, wliich have nothing to recommend them but their truth, 
will be prejudiced by the consideration that they presuppose a gloomy, 
a low, or a pessimistic view of animal nature. Researches into the 
nature of instinct in animals have shown that many instincts of first- 
rate importance are dependent upon, if they are not entirely con- 
ditioned by, physical stimuli. For example, the French psychologist 
Giart has shown that the instinct of maternal affection in the hen, 
instead of arising spontaneously at certain periods in the hen^s Hfe 
cycle, as, for example, when she is about to sit, is dependent upon, if 
it is not identical with, the occurrence of local inflammation. It is the 
local inflammation which causes the hen to sit upon the eggs in order 
to allay it, and if suitably irritated with pepper in the appropriate 
places the most unbroody hen will develop into an excellent foster 
mother. Even if, therefore, there is a psychological entity in the hen 
of the kind known as the maternal instinct, it is merely a reflection of 
a preceding bodily disturbance, just as an emotion, if it is a mental 
event at all, reflects and depends upon a number of such bodily 
disturbances. 

THE WILL 

The will appears to constitute one of tlie greatest obstacles to a 
materialist interpretation of psychology. It seems to be the most 
spiritual kind of faculty we possess — that in virtue of which we are 
not only distinct from matter, but even in some respects able to 
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doirdnate it. When, for example, we decide to perform so simple an 
action as lifting our right arm over our head, we seem to be not so 
much the servants of matter acting in response to physical stimuli, but 
rather to command and dominate it, and to command it in virtue of 
our being in some sense free. To be free means to be exempt from the 
law of cause and effect, to be able, in other words, to exert our wills 
spontaneously and on our own initiative, vuthout there being any- 
thing to cause us to do so. How can this feeling that we undoubtedly 
have of freedom from material causation be explained on materialist 
lines? 

Although we cannot prove that in all cases in which we appear to 
will and to will freely we are simply reacting to bodily stimuli, we 
are nevertheless able to show that by applying appropriate stimuli we 
can cause people to have experiences which are exactly similar to the 
experience of willing freely. 

I mentioned in the first chapter the fact that the parts of the nervous- 
system which govern the movements of our hmbs, are dominated by 
certain tiers of nerves in the brain which act as clearing houses, and 
determine which of our impulses shall be passed on to the motor 
nervous-system for the purposes of action. These clearing houses are 
called association centres, and they discharge the impulses which are 
being ‘let through” into what are called the excito-metor centres, 
which form part of the cortex or outside surface of the brain. These 
lie in a band roughly from ear to ear over the top of the head. Now if 
these centres are stimulated with a mild electric shock, they transmit 
impulses along the motor neurones and the patient moves his hmbs. 
This, it might be said, does not prove anything. It is common know- 
ledge that if the appropriate stimulus is apphed to certain parts of the 
body, an automatic movement of the limbs will result; if, for exam- 
ple, the legs are crossed and the upper leg is gently struck below the 
knee-cap with the side of the hand, the foot will jerk upwards; if you 
are unfortunate enough to get a fly into your eye, you will immedi- 
ately close your eyehd. Actions of this type are called reflex actions; 
they are purely automatic, and they have nothing to do with the 
exercise of the will. This is true, but the surprising fact about the 
electrical stimulation of the excito-motor centres is that it causes in 
the patient not only a movement of the Hmbs but the feeling chat he 
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is moving his limbs volimtarily; it seems to him, in short, that he 
has willed to move them. If, then, it is possible to cause a mental 
experience inseparable firom what is caUed willing by the appHcation 
of a physical stimulus to the brain, may it not be true that acts which 
are called free will always be found to have some physiological cause, 
in which event they cannot really be free? 

CONSCIOUSNESS AND THE SELF 

It might well seem that consciousness is the most indubitably mental 
thing about us, the very source and centre of our mental Hfe, and that 
it would prove, therefore, most intractable to the physiological 
method of treatment of which we have been giving instances in this 
chapter. Many thinkers have, indeed, so regarded it, basing upon the 
fact that the one thing in the umverse of which we are most certainly 
aware is our experience, an experience which is both mental and con- 
scious, what are called Ideahst theories of reality. It is nevertheless 
possible to approach consciousness, in common with all other mental 
phenomena, from the physiological standpoint. Tins method of 
approach yields somewhat startling results, many physiologists, from 
Wilham James onwards, having been led to doubt the very existence 
of consciousness as an independent, separate item of our mental make- 
up. I will try very briefly to indicate the reasons for this sceptical 
attitude to consciousness. 

In the first place consciousness is something which is supposed to be 
possessed by or to belong to the self. Yet this self in which conscious- 
ness resides is a something of which we have no knowledge, and 
whose very existence is a hypothesis. Try as we may to discover the 
self, we never succeed in tracking it down; what we do come upon 
when we endeavour to reaHze the self, is, as the philosopher Hume 
pointed out, a something which is wilHng, a something which is desir- 
ing, a something which is thinking, or, in die particular case in ques- 
tion, a something which is wondering whether there is such a thing 
as a unified self and trying to discover it. Now there is nothing to 
show that all these “somethings’’ are the same thing; there is nothmg 
to show even that they belong to the same thing, or that there is a 
unity behind them aU, binding them together, yet in some sense other 
than they. We meet, in odier words, with willings, desirings, and 
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thinkings, but never with the self which wills, desires, and tliinks. 
Now it is precisely the same difficulty which confronts us when we 
try to track down consciousness, for the reason that consciousness is. 
the chief characteristic of this hypothetical self. We meet with 
thoughts, feelings, and desires to which the quality of being conscious, 
attaches; but we never discover a unity which is an entity called con- 
sciousness, which is other than and in a sense the source of the conscious 
thoughts, feelings, and desires, such that, even if, at a given moment,, 
there were no conscious thoughts, feelings, or desires actually occur- 
ring, we could nevertheless affirm that consciousness as a separate 
thing or entity would still persist. But although we do not find con- 
sciousness except in so far as we experience thoughts, feelings, and 
desires, to which the quaHty of being conscious attaches, we do find 
thoughts, feelings, and desires without any such quality attached to 
them, a fact which seems to suggest that consciousness is not after all 
an important, permanently continuing thing, without which our 
mental life could not go on, but an incidental casual sort of phenome- 
non which may or may not attach to our mental acts without making 
any perceptible diSFerence to them. 

Thus in ordinary daily life it is a common experience to discover 
that we have been perceiving all manner of things of which we have 
not at the time been conscious. If, for example, I suddenly begin to- 
attend to what lies within my field of vision, concentrating particu- 
larly upon what lies at the edge of the field, I find that I am seeing far 
more than I am ordinarily aware of seeing, dust on a book, a splash ofi 
ink on the desk, and so forth. Yet since my field of vision has not 
. changed, I must infer that in some sense I have been seeing these things, 
all the time, before, that is to say, I became conscious of them. It is 
clear, then, that it is by no means necessary for a mental experience, 
as constituted for example by an act of seeing, to be conscious in order 
that it may take place. 

Now it has always been reaHzed that many of our actions are per- 
formed unconsciously, as, for example, the circulation of the blood, 
the growing of hair and nails, the balancing of the body, or the mak- 
ing of a habitual gesture; but it has also usually been held that these 
actions are sharply distinguished from those which are normally 
regarded as conscious. Thus the activities of a human being are often 
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divided into those of which he is conscious and those of which he is 
not Now one of the most iiitkesting things about a good deal of 
modem psychology is that it proceeds as if this difference did not 
exist. It endeavours, in other words, to interpret and describe all the 
things we do and tliink without introducing the concept of conscious- 
ness 'at all. Those who approach psychology in this way are called 
Behaviourists. 


THE BEHAVIOURIST PSYCHOLOGY 

(i) Our Knowledge of Ourselves . — In order to see how they arrive at 
this position, it is necessary to consider what are the ways in which 
we know what is going on in a person’s mind. They are two: mtro- 
spection and observation. Of these two methods introspection is 
denounced by the Behaviourist as being faulty and misleading. Intro- 
spection can be applied to ourselves; yet it is extraordinary how 
inaccurate and unsatisfactory are people’s accounts of their own 
experiences. Ask a dozen men confronted with a certain situation 
to describe to you what it is that they are seeing, and each of them 
will give you a different account. » What is more, so far from a man’s 
capacity for introspection being improved by training the more 
trouble he takes to find out exactly what his conscious processes are, 
the less likely is he to succeed. The reason for this apparent paradox 
is simple enough; it is that the trained observer knows what to expect. 
For example, the naturahst, taking a walk, will see more than the 
ordinary country walker, because he knows what to look for and 
where to look for it, while scientists, as is well known, progress by 
the method of inteUigent expectation, which is merely another name 
for inspired guessing. But the capacity for intelligent expectation, 


•At a Psychology Congress held at Gottingen a down suddenly burst into the Confess h^ 
closely pursued by a negro. The negro caught him, leapt upon him, and bore hun to the flMr, 
w^ere a fight ensued, which was ended by a pistol shot, alter which the clown got up and msM 
out of the room, sUU dosdy pursued by the negro. The whole scene, “idmt 

rehearsed and photographed in advance, took less than twenty seconds. The President then 
informed the Congress that judicial proceedings might have to be taken, and asked each member 
to write a report, stating exactly what had occurred. 

Forty reports were sent in. Of these, one only contained less than twenty per cent of retakes 
in regard to the prindpal facts ; fourteen contained from twenty per cent to forty per cent^ms^ra; 
thirtLn contained more than fifty per cent mistakes. In twenty-four, ten ^r cent of the det^ 
recorded were pure inventions. In short, ten of the accounte were quite fa^, rmkmg as m^ 
or legends, twenty-four were half legendary, and sir only were even approximately exact. From 
Public Opinion, by Walter Lippmann. 
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wMe constituting a valuable asset to the physicist or the physiologist 
who is studying a subject-matter which is not affected by the expecta- 
tions he forms of it» is a drawback to the introspective psychologist. 
When it is your own mind which you are investigating, the objects 
at which you are looking form part of and belong to the very instru- 
ment with which you are looking at them; it is to the mind that you 
are looking, and it is with the mind that you look. The result is that 
it is exceedingly difScult to avoid seeing what you expect to see. And 
the more psychology you know, the more certainly will you find 
what you expect to find, with the result that introspection has been 
cliiefly used to provide psychologists with data for the theories of 
mind in the interests of wliich they resorted to introspection. Results 
of this kind are of course completely unscientific, and have led many 
thinkers completely to deny the value of introspection as a method 
of obtaining information about the mind. 

(ii) The Observation of Behaviour . — ^The denial of the vahdity of 
introspection as a psychological method is the starting-point of the 
Behaviourists. Observation, and observation alone, is, in their view, 
the method wliich a scientific psychology will consent to pursue, and 
much of the uncertainty of psychology in the past is said to have been 
due to the neglect of a proper scientific approach to the subject. 

Now we cannot observe mind or consciousness; we can only 
observe actions. Actions, therefore, in the widest sense of the word, 
fi:om the raising of a limb to the secretion of fluid by a gland, are 
regarded as the proper subject-matter of psychology, and are studied 
as such by the Behaviourists. As for mind and consciousness, we do 
not at this stage positively say that there are no such things; but, if 
there are, it is quite clear that we can know nothing about them; we 
will confine ourselves, therefore, to actions or behaviour and see how 
far our interpretation of psychology in terms of behaviour will carry 
US- 

Starting from this standpoint the Behaviourist proceeds to a study 
of the observable responses which different situations excite m Hvmg 
organisms, and correlates his observations until he can present us with 
a fairly exact md extensive picture of the interconnexions between 
these situations and the responses they call forth. It is surprising how 
much of our psychology, including even the workings of the ^eged 
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mind itself, is found to be explicable on the stimulus-response basis. 
I cannot attempt within the limits of this chapter to give even the 
briefest account of the enormous amount of experimental work that 
has been carried out in this direction. It will be desirable, however, 
to describe in some little detail one set of experiments and the con- 
clusions that have been based upon them, in order that the reader may 
understand the way in which the Behaviourist goes to work. The 
experiments in question are those associated with what is called the 
conditioned response. 

(hi) The Conditioned Response . — A dog is tied up in a dark cabinet 
in which he is screened, so far as possible, from all outside or distract- 
ing influences. Food is put before him and his mouth begins to water; 
the stimulus of the food causes, in other words, a response which takes 
the form of excretion by the salivary glands. This is called an uncon- 
ditioned response to an unconditioned stimulus. The next time that 
food is put before the dog, a particular note is sounded; and tins is 
done on each of a number of succeeding occasions, the food always 
being accompanied by the sounding of the note. After a time the 
note is sounded alone, whereupon it is found to cause the salivation 
wliich in the first instance was excited by the food. In other words, 
the salivation response is now produced by anew stimulus, which has 
come to be associated with the original stimulus through constantly 
accompanying it. Salivation in response to the note is called a con- 
ditioned response to a conditioned stimulus. Practically any stimulus 
which is applied sufficiently often in conjunction with the food 
stimulus can be conditioned in this fashion. This is true even of a 
painful stimulus. Let us suppose that die dog is severely pricked when 
the food is put before him, and is later pricked in the same place 
without the food; instead of causing symptoms of pain and fright, 
the prick will now merely produce abundant salivation. 

Two points about this interesting series of experiments may be 
noticed. In the first place the conditioning of the note alone as a 
stimulus to salivation only takes place if the note has been sounded 
immediately prior to or at the same time as the presentation of the 
food; if the note is struck after the food has been presented, it does not 
become conditioned. Secondly, the effectiveness of the stimulus of 
the note when sounded alone in producing sahvation only lasts for a 
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certain period; if the note is sounded without the accompaniment of 
the food too frequently, it ceases after a time to produce salivation. 

The physiological explanation of these occurrences is difhcult, nor 
is it strictly relevant to our present purpose. Briefly it is held that the 
constant arrival of the food impulse and the note impulse together 
time up two sets of neurones in the particular centre which receives 
them, so that both the neurones which are stimulated by the food 
impulse and those stimulated by the note are, to use a metaphor, keyed 
at the same pitch. Each set of neurones remains tuned up to this pitch 
for some time after the stimulus has ceased, with the result that either 
set is able, when stimulated, to discharge its impulses along the paths 
of the other. They can, in other words, exchange the impulses they 
receive and the motor actions which the impulses prompt. Next time, 
therefore, that either of the stimuli recurs, it finds both sets of neurones 
tuned to receive it, and in stimulating the one set is enabled at the 
same time to send a train of impulses down the other — that is to say, 
in die case in question, the note impulse sends a message down the 
neurones which determine the activity of salivation. 

Now what can be done widi dogs can be done also with human 
beings; but owing to the greater complexity of the human nervous 
system and the difSculty of segregating the human being from all 
other distracting stimuli, it is much harder to establish the connexion 
between stimuH upon which conditioning depends. Experiments are 
most successful with small children. For example, Professor Watson, 
the founder of Behaviourism, reached some interesting conclusions 
with regard to the conditioning of the responses which we associate 
with fear. He discovered that there are oidy two kinds of uncondi- 
tioned stimuli which cause fear in the baby, loud noises and the feeling 
of being suddenly left without support. Nevertheless a normal three- 
year-old shows fear for a number of tilings — e.g., darkness, mechani- 
cal toys, animals, and so on. All these objects are, in Professor Wat- 
son’s view, instances of conditioned stimuli; they cause fear because 
at some time or another the appearance of, for example, a dog has 
coincided with the occurrence of^a loud noise, or with the infant being 
knocked over — that is to say, with a feeling of lack of support. 

(iv) The Conditioning of Emotions , — ^This hypothesis, if correct, 
throws an interesting light on the origin and nature of emotion. 
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Ldlove. wUchis elicited by tttoking the shtp ttddutg, 
or p.tm«. It Mows that »y pmcular object tnay 
become a coodWohed stimulus for fear, rage, or love, aceordmg as It 
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Scondirioned stimuli of one or other of the emonons m qnesoon. 
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whL dilatoriness causes us to miss a tram. In a word, die whole 
texture of our emotional Hfe could be changed by associating the 
stimuli, which now causes unpleasant emotions, with foose uncon- 
ditioned stimuH wHch call forth responses winch are pleasurabl . 

It sim^probable, however, that successful results could only be 
boned for in very young children, since adults would not submt to 
the^long and laborious process which the reconditiomng of their 
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of foe existence of mind or consaousness. It must be admitted that tne 

Behaviourists have met widi a surprising amount of success m foeir 
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mind that the phenomena that we have been describmg axe mecha - 
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certainty as the tanning of the skin follows its exposure to foe stimulus 
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at all? Taking our standpoint from the observation o . 

whichis foe only point of view that the Behaviourists accept as legiti- 



THE MIND AS AN ASPECT OF THE BODY 409 

mate, wliat is the difFerence between an action of wliich, as we say, 
we are conscious and one of wliich we are unconscious? The only 
observable difference is that the activities of the neurones and glands 
— that is to say, the happenings in the nervous-system which accom- 
pany the actions are different in the two cases. These different bodily 
activities include, in the case where consciousness is said to be present, 
our vocal movements when we speak of what we are experiencing. 

Since this difference of gland and muscular activity, including vocal 
movements, is the only difference that we observe in cases where con- 
sciousness is present, Professor Watson proceeds to the assertion that 
consciousness is the sum total of the bodily differences in question. 

(vi) Thinking as Sub-vocal Talking . — This rather startling concep- 
tion is applied with considerable force to all kinds of so-called con- 
scious processes. When, for example, we tliink, it is found that a 
number of muscles are being active in our larynxes. The activity of 
these muscles may be regarded as having for its object the unconscious 
formation of words which are not actually uttered. Thinking, then, 
is simply sub-vocal talking, involving as it does the same muscular 
activities as those which occur in talking, although these activities are 
not carried so far. Thus all modern books on psychology which exem- 
plify this school of thought include chapters on what is called the 
language habit, which describe at some length the bodily movements 
which occur both when we are talking and when we are thinking but 
not talking. These movements can be brought under the response to 
stimulus formula of which simple examples have already been con- 
sidered, and, as a consequence, thinking, and indeed all other mental 
activities, can be reduced to very complicated but nevertheless auto- 
matic responses to external situations. 

We are, I think, entitled to ask whether there is not faulty reasoning 
here. We may demonstrate that consciousness, including what we call 
thought, is always accompanied by certain bodily movements, that 
these bodily movements are forms of response to external or internal 
stimuli, and that by suitable conditioning we may change the stimuli 
that provoke them; but this demonstration surely does not prove that 
consciousness is the bodily movements which accompany it. Simi- 
larly we may disprove the existence of consciousness as a separate 
constituent item in our mental make-up; we may show that it only 



THE MIND AND ITS WORKINGS 


410 

attaches to certain trains of activity, whether interpreted physio- 
logically or psychologically, which we call desires, wishes, and so 
forth, and that these trains of activity may occur in all respects 
Tinchanged without being characterized by this quality or adjunct of 
consciousness; and we may infer that, therefore, consciousness is an 
unimportant, casual phenomenon, whose presence or absence makes 
no diiSerence to the actual events which are occurring in our psy- 
chology. But this once again does not prove that consciousness is a 
myth; and, if consciousness is not a myth, mind is not a myth either. 
It is time, therefore, to change our method of approach, and to see 
what arguments can be adduced in favour of the belief in mind as 
something distinct from the body. 



CHAPTER THREE 


THE MIND AS DISTINCT FROM 
THE BODY 

THE ALTERNATIVE HYPOTHESIS 

I POINTED OUT in the first chapter that the issue between those 
who endeavour to iuterpret mind action in terms of body action, 
and those who contend for the unique, distinct, and in some sense 
independent status of mind is not capable of definite settlement. No 
actual refutation of the arguments advanced in the last chapter is, 
therefore, to be expected. The most that can be done is to suggest 
certain objections that can be and have been brought against the 
materiahst position which has been outlined above, and at the same 
time to indicate a number of independent considerations which seem 
to demand a diiferent kind of approach to psychology, and a different 
interpretation of its problems. This interpretation, to put it briefly, 
insists that a living organism is something over and above the matter 
of which its body is composed; that it is, in short, an expression of a 
principle of life, and that life is a force, stream, entity, spirit, call it 
what you will, that cannot be described or accounted for in material 
terms; that in human beings this principle of life expresses itself at the 
level of what is called mind; that this mind is distinct from both body 
and brain, and, so far from being a mere register of bodily occur- 
rences, is able, acting on its own volition, to produce such occurrences, 
and that no account of mind action which is given in terms of brain 
action, gland activity or bodily responses to external stimuli can, 
therefore, be completely satisfactory. This is the view which in some 
form or other is held by those who find a materialist explanation of 
psychology unsatisfactory, and in this chapter we shall be concerned 
with the reasons for it. 

BIOLOGICAL CONSIDERATIONS 

Purposiveness . — Some of these reasons, and perhaps the most impor- 
tant, are derived in part from regions which lie outside the scope of 
psychology proper; they belong to biology, and are based on a con- 
sideration of the characteristics which all living beings are found to 
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possess in common. With regard to one of these “alleged”^ charac- 
teristics of living organisms it is necessary to say a few words, since 
it constitutes a starting-point for the method of interpretation with 
which we shall be concerned in this chapter. The characteristic in 
question is that to which we give the name of purposiveness, and 
because of this characteristic it is said that any attempt to interpret the 
behaviour of living creatures in terms of material response to stimuli 
must inevitably break down. Purposiveness implies the capacity to be 
influenced by and to work for a purpose; this in its turn involves the 
apprehension, whether conscious or unconscious, of some object 
which lies in the future and which the purpose seeks to achieve; it 
therefore necessitates the existence of a mind. If, therefore, purposive- 
ness is a true characteristic of living creatures, then we certainly have 
established a good starting-point for our “mentaF’ approach to 
psychology. 

What, therefore, is meant by saying that living creatures are pur- 
posive? Primarily, that in addition to those of their movements which 
may be interpreted as responses to existing situations, they also act in 
a way which seems to point to the existence of a spontaneous impulse 
or need to bring about some other situation which does not yet exist. 
Tliis impulse or need is sometimes known as a conation; a good 
instance of the sort of thing that is meant is the impulse we feel to 
maintain the species by obtaining food or seeking a mate. The impulse 
is chiefly manifested in the eiSbrts a living organism will make to over- 
come any obstacle which impedes the fulfilment of its instinctive need. 
It will try first one way of dealing with it and then another, as if it 
were impelled by some overmastering force which drove it forward 
to the accomplishment of a particular purpose. Thus the salmon, pro- 
ceeding up stream, leaping over rocks and breasting the current in 
order to deposit her spawn in a particular place, is acting in a way 
which it is difficult to explain in terms of a response to external stimuli. 
An organism again will seek to preserve the trend of natural growth 
and development by which alone the purpose of its existence will be 
fulfilled; in its endeavour to reach and to maintain what we may call 


*I insert the word “alleged” in order to indicate the controversial character of the subject. 
There is no doubt that it would be thought unsafe by many biologists to assume the existence of 
the characteristic in question, although I myself do not wish to deny it. 
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its natural state or condition, it is capable, if need arises, of changing 
or modifying its bodily structure. If you take the hydroid plant 
Antennularia and remove it from the flat surface to wliich it is accus- 
tomed to adhere, it will begin to proliferate long wavy roots or fibres 
in the effort to find sometliing solid to grip, while everybody has 
heard of the crab’s habit of growing a new leg in place of one that 
has been knocked off. 

Activity of tliis kind seems difficult to explain on materiaHst lines 
as the response to a stimulus; it appears rather to be due to the 
presence of a living, creative impulse to develop in the face of any 
obstacle in a certain way. That a living organism works as a machine 
works, by reacting in the appropriate way to the appropriate stimulus, 
is admitted; all that is contended is that it acts in other ways as well, 
that these other activities depend not only upon the quahty of stimulus 
received, but upon the intensity of the creature’s conative impulse, 
and that the existence of the impulse is only explicable on the assump- 
tion that the creature is animated by the need to fulfil a purpose. 

Foresight and Expectations . — ^When we apply this conclusion to 
human psychology, we are immediately struck by the fact that the 
individual not only exhibits in common with other organisms this 
characteristic of purposive behaviour, but is in many cases conscious 
of the nature of the purpose which inspires his behaviour. The man 
who studies in order to pass an examination is not only impelled by 
a push from behind; he is drawn forward by a pull from in front. This 
pull from in fiont can only become operative if he can be credited 
witli the capacity to conceive the desirability of a certain state of 
affairs — ^namely, the passing of the examination, which does not yet 
exist; he shows, in other words, foresight and expectation. It is 
activities of this kind which seem most insistently to involve the 
assumption of a mind to do the foreseeing and expecting. In other 
words, the capacity to be influenced by events which lie in the future 
seems inexplicable on the stimulus-response basis; the thought of what 
does not exist may be allowed to influence the mind, but it is difficult 
to see how the non-existent can stimulate the body. 

The explanation of our capacity for being influenced by the thought 
of events that do not yet exist, raises much the same difficulty as our 
undoubted responsiveness to events that have existed but do so no 
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longer, and it will be desirable to consider the problem first of all 
from diis point of view. 

The Influence of the Past . — ^It is clear in the first place that the influ- 
ence of the past is continually affecting what happens in the present. 
Even the most distant events in my personal history exert their 
influence upon what I am thiiiking and wishing now. If I have been 
to New York and you have not, the casual mention of the words 
*‘New York” in our joint hearing will have an effect upon me very 
different fiom and much richer than that which it will have upon 
you: tliis is because of the different influences exerted upon our pres- 
ent selves by the different events that have occurred in our respective 
pasts, influences which, in my case, are much more various than in 
yours. The mere fact that I know how to hold my pen as I write, 
and cause it to trace the letters that form the words I want, is the 
unconscious effect of my having learned how to write in the past. 
The influence of the past is, therefore, all pervasive; it affects every 
single act and thought of our waking Hfe. 

The operation of this influence raises one of the most difficult 
questions in psychology; this is the question of the nature of memory, 
whether conscious, as in my memory of New York, or unconscious 
as m my memory of having learned to write. The problem of 
memory put very briefly is as follows: My act of remembering is an 
act which exists in the present; tlie event which I remember occurred 
in the past, and would appear, therefore, no longer to exist. But how 
can that which does not exist affect that which does exist? Now tins 
problem, as I have already pointed out, is essentially the same as that 
raised by expectation. If I hear the beginnings of a tune that I have 
heard before, I may after the first few bars of it be able to continue 
it for myself; in other words, I shall know what is coming. But I am 
only able to do this in virtue of my unconscious memory of the past 
which conditions my expectation of the future; my knowing what is 
coming is, in fact, determined by my remembering what actually 
came. 

It would not be difficult to show that all cases of expectation depend 
upon and involve, at least in part, acts of unconscious memory. If 
then we examine the theories of memory current in psychology, we 
may get some light on the problem which we are at present consider- 
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ing — ^namely, the problem of the distinct and independent existence 
of mind, which we found to be impUed by expectation. There are 
roughly two types of theory, each of which is held in one or another 
of several different forms by psychologists. 

THEORIES OF MEMORY 

L Physiological — (a) The first, which gives a physiological account of 
memory, was put forward in the following form by a psychologist 
called Semon. What I am aware of when I appear to remember 
something is not the past occurrence which, as I say, I remember, but 
a present state or modification of my body. This present state or 
modification is called an engram, and is produced as follows: Let an 
organism which is in a state of equilibrium, which we will call 
condition (a), be subjected to any stimulus xy which excites it. 
When the excitement has subsided, the organism wiU settle down 
again to a state of equihbrium, but this second state (b) is not quite 
the same as the first state (a) ; the excitement, in other words, has left 
behind a continuing effect or trace on the organism, in virtue of 
which its general condition is different after the excitement is over 
from what it was before. This difference — ^the difference, that is, 
between the two states of equilibrium — ^is the engram. It is envisaged 
in physiological terms — Semon calls it some material alteration in the 
body of the organism — ^although what the precise effects on the 
nervous-system may be is not known. 

So far we have considered the process in its simplest possible form. 
What happens in actual fact is not that an engram is produced by an 
isolated stimulus, but a whole complex of engrams results from the 
application of a number of associated stimuli. When some part of 
the original stimulus xy, whether x or y, or any of die stimuli asso- 
ciated with XY recurs, it calls forth the whole complex of engrams 
produced by the original complex of associated stimuli. When this 
happens, we are said to remember the event firom which the engram, 
or engram complex, results. 

Putting this into psychological language — ^although we must be 
careful to remember that Semon’s theory does not necessarily involve 
the existence of psychological entities such as consciousness — we may 
say that what we are aware of when we say we remember a past 
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event, is a present modification of our bodies which the past event has 
left behind. 

(h) There is another way of interpreting memory from the physio- 
logical point of view wliich practically succeeds in dispensing with 
the intervention of consciousness or awareness altogether. It also 
eliminates the notion of specific physiological modifications or traces. 

Let us suppose that we are expecting to meet somebody. Our 
feehng of expectation translated in terms of tire nervous-system 
that there is a special setting of the co-ordination or association* 
centres in the brain, in virtue of which we shall be more ready to pick 
out certain stimuH, those, namely, associated witli the person 
expected, from the innumerable stimuH which at any given moment 
are clamouring for our attention, than to pick out others. Our nervous 
apparatus for the reception of stimuH is, in other words, set in a 
particular pattern and is predisposed to receive only what will fit into 
the pattern, just as a lock may be said to be set ready to receive a key. 
The feeling which we know as expectation is just this setting of the 
nervous centres to receive certain special kinds of stimuH. It is as if, 
to change our metaphor, they were tuned up to a particular pitch 
and were prepared to vibrate only to notes of the pitch in question. 

Now let us apply this conception to the question of memory. If 
you hear the first few bars of a familiar tune, you are able to remember 
the rest. Why? Because the stimulus of the first few notes sets the 
co-ordination centres ready for the reception of the rest. What sel 
the co-ordination centres in the first instance was the hearing of the 
tune on the first occasion on which it was heard; but, as on Semon’s 
theory, when the stimulus of the tune recurs it is only necessary for a 
part of the stimulus to be appHed in order to produce the whole set 
of reactions which on the first occasion followed the complex of 
StimuH constituted by the whole tune. The more often the stimulus 
is appHed, the smaller the part of it required to produce the whole 
response. A habit is formed when the response follows so reacHly 
that a mere hint or shadow of the original stimulus is necessary to 
provoke it. Habit, therefore, is simply a special case of memory; 
when, having done certain things very often in the past, we remember 
them so well that the merest hint of any one of these things is able to 

♦S«p. 401 . 
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set going, and to set going unconsciously, a complicated series of 
reactions which it previously required a whole succession of stimuli 
to provoke, we have formed a habit. Here then we get an explanation 
of memory and of habit in physiological terms. Memory is due to 
the persistent effect of past stimuh; tliis persistent effect being, in 
Professor Hering’s words, “the peculiar attunement of the nervous- 
system in virtue of which it will give out today the same note that it 
gave out yesterday, if the strings be touched aright.’’ 

IL Psychological . — ^The ordinary psychological explanation of 
memory is on die following lines. An event which has happened to 
us does not, when it recedes into the past, leave no trace of itself 
behind; on the contrary, it makes an indelible impression on the 
individual who experiences it. This impression is not an alteration of 
the body, but is conceived to be an image or reflection in the mind. 
Every experience we have ever had is said to leave some image of 
itself in this way. These images, however, rapidly fade into the 
unconscious,* which may be regarded as a storehouse of past experi- 
ences, where they normally remain. When something occurs which 
resembles die event which originally left the image, it causes the 
image to rise into consciousness. We are then said to remember the 
past event, when what we are in fact thinking about is the present 
mental image or reflection of the past event. 

CRITICISM OF THEORIES OF MEMORY 

We were originally led to undertake this account of theories of 
memory, not only because memory as an important function of the 
mind is entitled in its own right to a description in a book on “The 
Mind and its Workings,” but also because it was thought that an 
examination of the vexed questions that memory raises might reveal 
serious difficulties in the physiological interpretation of psychology 
with which we were concerned in the last chapter. It is now time to 
see what these difficulties are. 

Let us begin with the psychological account of memory given in 
II above. Whatever may be the merits or demerits of the physiological 
•theories of engrams and attuned nervous centres, it seems clear that 
the psychological image theory at any rate will not work. 

Chapter Five for aix account of the unconscious. 
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(i) The Image Theory , — ^To begin with ttere is considerable doubt as 
to whether such things as images exist; many psychologists do, in 
fact, deny their existence. Apart, however, from this doubt, there is 
a more serious objection to the theory, and that is that images, even 
if they do exist, will not perform the function which they are said to 
perform. They are said to be copies or reflections of past events. But 
you cannot know that a copy is a copy unless you have the original 
to compare it with. If you see the face of a friend in the glass, you 
caimot tell that it is your friend's face and not the face of some other 
person, unless the face of your friend is already known to you, and 
not only known in a general sort of way, but present to your mind's 
eye at that particular moment, so that, comparing it with the image 
in the glass, you recognize the image as an image of your friend's 
face and of no other. 

In order, therefore, that we may be in a position to recognize a 
as a copy of b, we must be aware both of A and of b. Now on the 
theory of images described above, we are said to know the present 
image but not the past event of which it is an image. But if we do 
not know the past event, how can we know that the present image 
represents it; if we do know the past event, if, in other words, the 
mind possesses the power of going back to the past and being directly 
aware of it, what is the purpose of evolving an image which is said 
to be like the past event, in order that the mind may be aware of that? 
But if memory can only be explained as a direct awareness of what is 
past, it quite certainly involves a mind. Mind may be credited with 
this mysterious power; body certainly cannot. 

(ii) The Engr am Theory . — ^How does this reasoning affect thephysio- 
logical theories of memory? The salient feature of the physiological 
account of fnemory was that when any part of an original stimulus, 
or set of stimuli, was repeated, it tended to call forth the whole com- 
plex of reactions formerly provoked by the original stimulus or set 
of stimuli. Pursuing, therefore, tlieir policy of interpreting psycho- 
logy without introducing mental terms, these theories sought to 
identify the experience known as remembering with this repetition 
of a former set of bodily reactions, or (if we see no necessity for being 
quite so rigorous in our exclusion of mind) with the awareness of the 
repetition of these reactions. But if, as alleged, the reactions produced 
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by a recurrence of part of the original stimuli are literally the same 
as those originally provoked by the stimuli which constituted the 
remembered event, then remembering an event ought to be indis- 
tinguishable from experiencing it. But thinking of the pain I suffered 
yesterday at the dentist is quite indubitably not the same as experien- 
cing it. It follows, therefore, that whatever memory is, it camiot be 
the occurrence of the same reactions (or the awareness of the same 
reactions) as those caused by die stimuli constituted by the event 
remembered. Applying this type of reasoning to Semon’s view, we 
get the following results: Either the physiological modification result- 
ing after the stimulus has ceased to operate, the engram, that is to 
say, of which we are said to be aware in memory, is the same as the 
response activity provoked by the original stimulus, or it is not. If 
it is the same, then being aware of an engram — that is to say, remem- 
bering an event — ought to be identical with the actual experience of 
the event, wliich it is not; if it is not, then it is difficult to see why the 
process of becoming aware of an engram, which is not the same as the 
response to the past event, should make us think, not of the engram, 
but of something which is different from the engram, namely, the 
past event. 

The same type of objection applies to the physiological explanation 
of recognition. When you see a thing a second time and recognize 
it as something you have seen before, the feeling of recognition is, as 
we have seen, interpreted as due to a certain attunement of the nervous 
centres, in virtue of which they give off the same vibrations as they 
did on the occasion of the first experience of the thing in question. 
But if the response in terms of vibration is really the same, then seeing 
a thing a second time ought to feel exaedy like seeing it the first time, 
in which event it would not be recognition. If it is not the same but a 
different response, why should its occurrence cause the feeling of 
recognition, which is involved by the reference to a past event at 
all? Why should it not simply cause us to think that we were seeing 
something new? 

(iii) Expectation , — ^It will be remembered that the physiological 
account of memory sought at the same time to provide an explanation 
of the feeHng of expectation. The nervous-system was set like a lock 
to receive the stimuli which conformed to a particular pattern. But 
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it is clear that the co-ordination centres could only assume this partic- 
ular formation, could only evince this particular disposition to pick 
out certain stimuli rather than others, if, to speak in psychological 
terms, we know what to expect. 

Now if we assume the existence of a mind credited with the power 
of anticipating future events, while admitting that this power may 
be in the last degree mysterious, we shall see no insoluble difficulty 
in supposing that we really do know what to expect. But if we 
dispense with a mental interpretation, or relegate the mind to the 
position of a mere register of bodily events, what explanation are we 
to give of this apparent knowledge? The physiological psychologist 
embraces it under his account of memory; the nervous centres, he 
tells us, are set in this particular form of arrangement because of past 
occurrences, with the result that, having heard a tune once, we have 
only to hear the first few bars of it again to be able to anticipate and 
supply the rest. 

The view might account for our ability to anticipate events which 
are exactly like those which have already happened; but how can it 
explain the expectation of a completely new experience? If the 
experience is really novel tliere can have been no past events of a 
similar character to set the lock of the nervous system to receive the 
new key. Yet there is no doubt that we can have a feeling of expecta- 
tion of something which, though dimly envisaged, is yet felt to be 
unprecedented. We may say, then, that in the present state of our 
knowledge it seems impossible to account for those of our feelings 
which relate to events which have still to occur, unless we are pre- 
pared to postulate the existence of something which is not material 
and which is credited with powers other than material powers. 

We have spoken so far of purpose and expectation, and our con- 
clusions seem to be that if feelings of expectation and the capacity to 
act purposively really are, as they seem to be, characteristics of the 
human being, then no purely physiological account of liis psychology 
will fit the facts. How does this conclusion apply to the emotions? 
Some emotions — as, for example, the emotion of dread — also refer 
to the future. Can we, then, accept the account of emotion given in 
the last chapter? 

The Emotions . — ^An emotion we there saw was interpreted as our 
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consciousness or awareness of a physiological event. Our bodies are 
stimulated by a perception of a ghost or a tiger; the result is a series 
of bodily changes of a kind tending to facilitate flight; our awareness 
of these changes is the emotion of fear. This account, plausible enough 
when a physical stimulus of some sort is actually present, seems to 
break down in the absence of such a stimulus. Let us suppose that 
I sit in my chair and think of an audience of a hundred psychologists 
whom I am to address next week; let us also suppose that, as I have 
every right to do, I feel nervous and agitated. What is the physical 
stimulus here? The meeting of psychologists does not yet exist; I may, 
therefore, be able to tliink of it, but I certainly cannot experience it 
as a physical stimulus. Is it, then, the chair in which I am sitting? 
This scarcely seems credible. 

In cases of this kind, if we are still to regard the physiological 
changes as being the cause of the feeling of emotion, it rather looks 
as though the mental apprehension of the coming event must be the 
cause of the physiological changes. Mind, in other words, so far from 
being the mere reflection of material events, seems here to produce 
them. But there is a further reason for doubting the account of 
emotion given in the last chapter. 

While the thought of lecturing to a hundred psychologists may 
cause dread, the thought of lecturing to a hundred students may cause 
pleasure. Now the difference between thinking of a hundred psycho- 
logists and thinking of a hundred students is a difference between 
two acts of experience, which seems to be a real and important 
difference. But how are we to envisage such a difference in terms of 
the nervous-system? Is there one pattern of the nervous centres 
representing the response to the stimulus constituted by the future 
meeting (or possibly by a past and remembered meeting) of a hundred 
psychologists, and another which is caused by a future meeting of a 
hundred students, and yet another by a future meeting of ninety-nine 
students, and so on for every different object of which the thought 
can cause a slighdy different emotion? This seems to involve an 
almost inconceivable complexity on the part of the nervous-system. 

Let me try to state the point in another way. The emotion of fear 
is said to be the mental awareness of excretions by the adrenal glands. 
Now let us suppose that I am frightened, and let us assume that my 
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fear is the consciousness of the fact that these glands are discharging 
a certain amount of fluid, wliich we may represent by x. If I am 
twice as frightened, the amoimt of discharge will be 2x, and if half 
as frightened Jx. But fear shades by imperceptible degrees into a 
number of allied but qualitatively diflereiit emotions, such as repul- 
sion, horror, disgust. What are the physiological equivalents for 
these? Not 2x or Jx, since these are already earmarked for greater or 
less quantities of fear proper. We must, tlien, postulate the existence 
of some other gland whose excretions can be held to provoke the 
qualitatively different feelings associated witli these emotions. This 
is bad enough, but it is not the worst. Fear is not absolutely distinct 
from disgust; it passes imperceptibly into disgust through a number 
of intermediate shades of emotion which partake partly of fear and 
partly of disgust, but are qualitatively diflTerent from either. Since 
excretions from any particular gland can only be made to account for 
a greater or less quantity of the same kind of emotion, we shall have 
to postulate a separate gland for each of these qualitatively different 
sutes. Now the number of intermediate shades between one kind of 
emotion and another is infroite; yet, since the body is spatially 
limited, the number of corresponding glands must be finite. There- 
fore, the attempt to explain emotion as awareness of gland action, 
or indeed bodily action of any kind, seems to break down. 

It is not contended that this type of reasoning is necessarily con- 
clusive. It does, however, show the difficulty of trying to explain 
the infinite variety of mental life in terms of bodily changes. The 
number of thoughts of which a human being is capable is infinite; 
so too is the number of different feelings which he may experience; 
but the number of changes of which our bodies are capable, though 
exceedingly large — ^the complexity of the nervous-system stiU baffles 
investigation — ^is necessarily restricted by the spatial Hmitation of the 
body and the number of its organs. 

We conclude, then, from this study of memory, of expectation 
and of the emotions, that there are at least some mental facts which, 
though accompanied by and mvolving bodily facts, cannot be wholly 
explained in terms of them. The mind does not merely reflect the 
body; it outruns it, and in so doing initiates thoughts and actions on 
its own account of which the body is merely the registering accom- 
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panimeHt Let us now consider some further evidence pointing in 
the same direction. 

THE APPREHENSION OF MEANING 

An important fact about our mental life is that we are capable of 
appreciating meaning. A statement of fact written on a piece of paper 

is, so far as its material content is concerned, merely a number of 
black marks inscribed on a white background. Considered, then, as 
a collection of visual, physical stimuli, it is comparatively unim- 
portant; what is important is the meaning which is attached to these 
marks. If they inform us, for example, that we have received a legacy 
of ten thousand pounds it is not the black marks on the white back- 
ground, but the meaning they convey that effects a disturbance in 
our emotional hfe, sufficiently profound to keep us awake all night. 
Now the meaning of the marks is obviously not a physical stimulus; 
it is something immaterial. How, then, is its effect to be explained in 
terms of bodily responses to physical stimuH, wliich the mind merely 
registers? Let us take one or two further examples in order to present 
the difficulty in a concrete form. 

Let us suppose that I am a geometrician and am thinking about the 
properties of a triangle. As I do not wish at tliis point to enter into 
the vexed question of whether some physical stimulus is or is not 
necessary to initiate every chain of reasoning, we will assume that 
in this case there was a physical stimulus — ^it may have been a chance 
remark about EucUd, or the appearance of a red triangular road 
signpost while I am driving a car — a stimulus which we will call x, 
which prompted me to embark upon the train of speculations about 
the triangle. My reasoning proceeds until I arrive at a conclusion, 
which takes the form of a geometrical proposition expressed in a 
formula. I carry this formula in my head for a number of days and 
presently write it down. In due course I write a book, setting forth 
my formula and giving an account of the reasoning which led me to 

it. The book is read and understood by a. Presently it is translated 
into French, and is read and understood by b. Later still, I dehver a 
lecture on the subject which is heard and understood by c. As a, 

B and c have each of them understood my formula and the reasoning 
upon which it is based, we may say that the reasoning process has had 
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for them the same meaning throughout. If it had not, they would 
not all have reached the same conclusion and understood the same 
thing by it. Yet in each of the four cases the sensory stimulus was 
different; for myself it was x, for a it was a number of black marks 
on a white background, for b a number of different black marks on 
a wliite background, and for c a number of vibrations in the atmo- 
sphere impinging upon his ear-drums. It seems incredible that all 
these different stimuli should have been able to produce a conscious- 
ness of the same meaning, if our respective reactions to them were 
confined to physical responses (which must in each case have been 
different) wliich were subsequently reflected in our minds by a process 
of mental registration of the different responses. The.stimuH being 
different, the intervention of something possessed of the capacity to 
grasp the common element among these physically different entities 
alone seems able to account for the facts; but the common element 
is the meaning, which is immaterial and can be grasped, therefore, 
only by a mind. 

Let us take another example instanced by Professor McDougall: 

A man receives a telegram wliich says, “Your son is dead.” The 
visual physical stimulus here is, as before, a collection of black marks 
on an orange field. The reaction experienced in terms of his bodily 
behaviour may take the form of a complete cessation of all those 
symptoms usually associated with life — that is to say, he may faint. 
When he recovers consciousness his thoughts and actions throughout 
the whole of the remainder of his life may be completely changed. 
Now that aU these complicated reactions are not constituted by and 
do not even spring from a response to the physical stimulus, may be 
seen by comparing the reactions of an acquaintance who reads the 
telegram, and so subjects himself to the same stimulus. Moreover, 
the omission of a single letter, converting the telegram into “Our 
son is dead,” would cause none of the reactions just described, but 
might result at most in the writing of a polite letter of condolence. 
The independence of the bodily reactions of the physical stimuli 
actually presented is in these cases very marked, and, unless we are 
to introduce conceptions such as the intellectual apprehension of the 
meaning of the marks, it seems impossible to explain their effect. Yet 
such a conception again involves the active intervention of mind. 
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Synthesizing Power of Mind , — This conclusion is reinforced by what 
we may call the synthesizing power of mind. Synthesizing means 
putting together, and one of the most remarkable powers that we 
possess is that of taking a number of isolated sensations and forming 
them into a whole. We shall have occasion to return to this point at 
greater length in connexion with our account of sensation in the 
next chapter. For the present, we will content ourselves with giving 
one or two examples of mental synthesis. 

Let us consider for a moment the cause of aesthetic appreciation. 
The notes of a symphony considered separately consist merely of 
vibrations in the atmosphere. Each note may, when sounded in 
isolation, produce a pleasant sensation, and as one note is struck after 
another we get a sequence of pleasant sensations. But although this 
is a suiEcient description of the symphony considered as a collection 
of material events, and of our reactions to these events considered 
merely in terms of sensations, it is quite clear that we normally think 
of a symphony as being something more than this. We think of it 
in fact as a whole, and it is as a whole that it gives what is called 
aesthetic pleasure. Now in thinking of the symphony in this way our 
mind is going beyond the mere sequence of pleasant sensations which 
its individual notes produce, and putting them together into some 
sort of pattern. If the notes were arranged in a dijfferent order, 
although the actual vibrations which impinged upon our senses would 
be the same, the pleasurable aesthetic efect wotJd be destroyed. 

It seems to follow that our pleasure in a symphony cannot be 
wholly accounted for, although it may depend upon our physical 
responses to the stimuli of the individual notes; in order to obtain 
aesthetic pleasure we must somehow be able to perceive it as more 
than the sum total of the individual notes — that is, as a whole pattern 
or arrangement. The pleasure ceases when the toholeness of the object 
perceived is destroyed, as it is, for example, by the transposition of 
certain notes. We may compare the difference between the physical 
sensations which are our responses to the visual stimuli of the colours 
and canvas of which a picture is composed, with our synthesized 
perception of a picture as a work of art. 

We must conclude, then, that we possess the power of realizing 
external objects not merely as collections of physical stimuli, which 
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of course they are, but as wholes in which the actual sensory elements 
are combined to form a single object of a higher order. This faculty 
of combining or putting together seems to involve the existence not 
only of a mind, but of a mind of an active creative type, which is 
able to go out beyond the raw material afforded by our bodily 
sensations, and to apprehend ideal objects as wholes which are more 
than the collection of physical events which compose their constituent 
parts. 

SUMMARY OF ARGUMENT 

The conclusion to which the arguments of this chapter appear to 
point is that in addition to the body and brain, the composition of the 
living organism includes an immaterial element which we call mind; 
that this element, although it is in very close association with the 
brain, is more than a mere glow or halo surrounding the cerebral 
structure, the function of which is confined to reflecting the events 
occurring in that structure; that on the contrary, it is in some sense 
independent of the brain, and in virtue of its independence is able in 
part to direct and control the material constituents of the body, 
using them to carry out its purposes in relation to the external world 
of objects, much as a driver will make use of the mechanism of his 
motor car. Mind so conceived is an active, dynamic, synthesizing 
force; it goes out beyond the sensations provided by external stimuH 
and arranges them into patterns, and it seems to be capable on occa- 
sion of acting without the provocation of bodily stimuli to set it in 
motion. It is, in other words, creative — that is, it carries on activities 
which even the greatest conceivable extension of our physiological 
knowledge would not enable us to infer from observing the brain. 
How, then, are we to conceive of the relationship of the mind to the 
brain? 

An actor in a play of Shakespeare not only speaks words, but makes 
gestures, so that if you were completely deaf you would stfll be able 
to infer something of what the play was about from seeing the 
gestures. It is obvious, however, that there is much more in the play 
than the pantomime of the players. There are, for example, the words, 
the characters, the plot, and the poetry. Now to use a simile of the 
philosopher Bergson, the brain is the organ of pantomime. If you 
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were to observe a man’s brain you would know just as much of his 
thoughts as found vent in gestures. You would know, in other words, 
all that his thoughts imply in the way of actions or the beginnings of 
actions,'*' but the thoughts themselves would escape you just as the 
words and meaning of the play would escape the deaf spectator. 
Tliis is what is meant by saying that the mind overflows the brain. 
If our knowledge of both psychology and physiology were perfect, 
we should be able to describe the movements of the brain without 
observing it, provided we had complete understanding of a man’s 
state of mind; but we should not from the most minute and thorough 
inspection of the brain be able to tell what the man was thinking, 
since just as one gesture of the actor may stand for many different 
thoughts, so one state of the brain may represent any one of a host of 
states of mind. 


♦Among the beginnings of actions may be mentioned those movements oi the laiymx which are 
involved in talking. 



CHAPTER FOUR 


THE MIND AS AN ACTIVITY 

THE FACULTY PSYCHOLOGY 

S O FAR, WE have said very little about a number of questions that 
bulk largely in many books on psychology, more particularly in 
the older ones. The subjects with which psychologists used to concern 
themselves were, until the last few years, very different from those 
which have occupied our attention up to the present. The older 
psychologists would discuss at length such questions as the number 
and the nature of the instincts, the relationship of instinct to reason, 
the difference between sensation and perception, and whether there 
were in addition to the instincts and the emotions such things as 
sentiments and dispositions. Such discussions are now often referred 
to as belonging to what is called ‘‘academic psychology.*’ Our 
reasons for not introducing them at an earlier stage and devoting to 
them a larger share of space are twofold: — 

1 . It did not seem desirable to discuss the nature of mental qualities 
and faculties until we had satisfied ourselves that there was a mind to 
exhibit qualities and to possess faculties. It is necessary to establish the 
existence of a doing before proceeding to inquire what sort of thing 
it is. The study of the relationship between mind and body has tended, 
moreover, to throw a good deal of light upon the nature of the 
entities related, and we have already in the course of our inquiry 
been obhged to examine incidentally a number of important mental 
functions such as the memory and the emotions. 

2. In the second place, even if we provisionally assume the existence 
of mind, as something distinct from the body, to have been estabhshed, 
we know far too httle about its character to pronounce with any 
certainty upon the number and nature of its faculties. The contro- 
versial and experimental character of modem psychology cannot too 
often be emphasized, and one of the points upon which controversy 
largely turns is, whether the mind possesses attributes which are 
properly to be called faculties or states at ah. 

Now the older psychologists were content to discuss the instincts 
and the reason much as a physiologist would deal with the heart or 
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die leg. I do not mean to say that when they afErmed that there were, 
for example, seven instincts they meant that the mind had instincts 
in the sense in wliich the body has toes; but they were nevertheless 
inclined to write about instincts and sentiments and so forth as if they 
were distinct things wliich could be segregated and catalogued for 
the purposes of discussion hke toes. More recent work has, as we shall 
see, thrown considerable doubt upon these older conceptions of the 
mind. The mind is no longer regarded as a bundle of faculties or as a 
thing possessing a number of attributes, any one or more of which 
may be in play at a given moment, but rather as a stream or force 
which from moment to moment gives off fresh reflections, as it 
flows at different speeds. According as the speed and direction of the 
flow vary, so will a man be feeling instinctively or reasoning. A 
faculty, then, is merely the activity of the whole mind as evidenced 
at any given moment. 

Nevertheless, it is necessary to say something about the questions 
which have occupied so large a place in traditional psychology, if 
only to throw the newer conception more clearly into reUef. 

SENSATION AND PERCEPTION 

It is extremely important in the first place that we should get a right 
conception of the sort of thing that a mind is, before we enter into a 
detailed examination of its characteristics, especially as a right con- 
ception is not to be attained without some imaginative effort. We 
are so accustomed to dimking in terms of things which are made up 
of parts, that it is very difficult to avoid picturing the mind as a 
number of mental states which are tliemselves built up out of com- 
ponent parts as a house is built of bricks. Many people have so 
regarded the mind, and a large part of traditional psychology has 
been devoted to showing that all mental states were made up of two 
sorts of bricks — ^namely, sensations and images. 

It is important, therefore, to realize that there is no evidence for the 
existence of such mental bricks, whether conceived as states or facul- 
ties. Such terms as the will, the instincts, the reason, and so forth, 
diough useful enough for the purpose of describing our experiences, 
do not correspond with any real existents; they are not facts, but 
hypotheses. And in saying that they are not facts, but hypotheses. 
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what I mean is that they are never met with in actual experience. 
Sensations, for example, which used to be regarded as the core of our 
experience, the raw material suppHed to us by the outside world, out 
of which the whole structure of our mental and emotional life was 
built, are mere figments. Nobody has ever met with a sensation for 
the simple reason that any apparent sensation which we choose to 
inspect turns out to be not a mere passive experiencing of an external 
stimulus, but a highly complex affair to which the mind has already 
made considerable contributions. 

The influence of past experience, for example, as pointed out in 
the last chapter, enters into and affects all our present experience of the 
external world. A chair wears to a civilized man an entirely different 
appearance from that which it presents to a savage who sees it for the 
first time. The latter probably sees the chair not as a chair at all but 
as a couple of legs and a back, which is all that we ordinarily observe 
when we imagine ourselves to be seeing a chah. Again, a piece of 
modem music actually sounds differently to the habitual concert-goer 
and to the Oriental, as is evidenced by the story of the Chinaman who 
went to the Queen’s Hall and thought that the tuning up was the 
concert. Each experiences the same stimuli, but the past experience 
of each distorts, selects and contributes to what is actually heard, so 
that the resultant products are different. The mind, in fact, rushes in 
to embrace the actual stimulus received, and to clothe it with elements 
culled from its past experience, with the result that nobody has ever 
met a stimulus naked. 

A good example of the activity of the mind in working up the 
impressions received from without is afforded by the experience of 
learning to draw. It is then found that most of what we think we see 
is not seen at all, with the result that the young artist is chiefly 
employed in learning to unlearn the view of the world wliich con- 
ventional experience has caused him to adopt, by stripping away, so 
far as he can, the accretions widi which his mind has invested the 
thing actually seen. Even so, however, he does not succeed in arriving 
at a pure sensation. Another striking example of the same process is 
afforded by the experience of going to a theatre in a foreign country, 
where the language, although known to us, is understood with diffi- 
culty. Our hearing seems to be strangely dulled, and, as a consequence, 



THE MIND AS AN ACTIVITY 431 

it is found that it is necessary to sit much nearer to the stage than we 
are accustomed to do in our own country. The reason is that when we 
listen to someone speaking pur own tongue, the proportion of the 
words he utters that we actually hear is comparatively smalh the 
mind supplying the rest by guesswork. We expect him to say certain 
things on the analogy of past experience, and as a consequence we 
have only to hear a very httle for our minds to take the cue and add 
the rest. This activity of the mind does not, of course, occur when tlae 
language is unfamihar, and we accordingly find it necessary to hear 
more because we supply less. 

Optical illusions, again, illustrate our propensity to see what we 
expect to see, and it is an interesting fact that books in Latin, Greek, 
and still more in Hebrew, are better printed than FngUcK books, 
because proof readers, having no expectation of what is coming, 
have to depend upon correspondence with the manuscript to ensure 
accuracy instead of jumping to conclusions on the basis of what they 
expect. 

It is these inevitable mental additions to what is seen and heard 
which modem psychology has in mind when it denies the 
of a pure sensation, because of the constant intervention of the mind’s 
activity. A sensation invested in this way with matter drawn from 
past experience is called a perception, and what we are asserting is 
that in the long run all sensations are perceptions. It is now generally 
agreed among psychologists that, since the sensational core of percep- 
tion is elaborated by the mind’s activity, we never know anything 
as it really is, a reflection which has been the starting-point of many 
systems of philosophy. 

What we are concerned with here, however, is the conception of 
the activity of mind, in virtue of which the bare sensation is non- 
existent. 

Nevertheless, a sensation is a useful tool to work with, when we 
are trying to analyse our experience to find out what is its nature, 
and, like the intelligence, the will and the instincts, continues to be 
employed for want of a better term. Bearing in mind, however, the 
fact that the mind is not a thing but an activity, it is clear that we ought 
to describe its movements in terms of stresses, currents, energies and 
flows, using the language of electricity rather than that applicable to 
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ordinary static things. Perhaps psychology will one day employ 
such a vocabulary. Meanwhile, for want of a better one, we must 
continue to speak of the instincts, the reason and the will, and with 
tliis preliminary word of caution we may proceed to indicate some 
of the theories that psychologists have held in regard to them. 

THE INSTINCTS 

There is controversy both as to the nature and also as to the number 
of the instincts. As a rough general account, which, so far as possible, 
avoids controversial issues, we may say that every organism is found 
to begin life with a pecuhar and individual psychological endow- 
ment; whether this is or is not completely inherited is a question into 
which we cannot here enter. This chiefly expresses itself in the way 
in which it behaves in the different situations in which it finds itself. 
The ant, for example, will behave differently in a particular situation 
from a man. Faced with this difference, we are accustomed to say in 
partial explanation of it that the instincts of the man and of the ant are 
different. It is further necessary, in order that behaviour should be 
classed as instinctive, that it should not have been learned, and should 
manifest itself in some form or other at a very early stage of the 
creature’s existence. Thus the ant, which exhibits more unlearned 
forms of activity than the human being, is said to act very largely, if 
not entirely, upon instinct. In human beings and in most animals so 
called instinctive activities are chiefly manifested in relation to the 
fulfilment of certain fundamental needs. Of these needs the most 
important are the needs for food, sex and society. If a man does not 
have food, he dies; if he does not reproduce the species, he dies by 
proxy, seeing that, as Samuel Butler pointed out, he lives on in the 
person of his offspring; the infant who is deprived of society follows 
suit and dies, too; and the adult on a desert island may quickly go 
mad. AU human beings exhibit activity of a kind designed to allay 
these fundamental needs, and they do so without being taught. 
Therefore, these needs may be called instinctive. 

From the fundamental needs spring derivative needs. Thus in 
order to obtain food, it has usually been necessary to move about, the : 
need for food tending to remain unsatisfied unless the individual 
literally took steps to satisfy it. Hence a derivative need for movement 
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arises, from which springs an objection to sedentary occupations. It 
scarcely seems, however, that our aversion to sitting still for too long 
can be called instinctive in the same sense as our need for food. 

The above constitutes what may be called a moderate general 
account of the nature of instinct with wliich few psychologists would 
wish to quarrel. It will, in particular, be noticed that it avoids postu- 
lating the existence of an instinct as a distinct faculty or entity, and 
speaks of allaying instinctive activity or instinctive needs. This is an 
advantage in that it enables us to observe the injunction against 
treating hypotheses as facts made earlier in the chapter. 

Many accounts of instinct, however, go far beyond this, Freud, 
for example, reduces all activity of the type known as instinctive to 
the expression of one or other of two fundamental desires, which he 
calls the ego instinct, which is concerned with the preservation of the 
individual, and the sex instinct, which is responsible for the reproduc- 
tion of the species. 

McDougalTs View of Instinct — ^The most celebrated view of instinct 
is, however, that of the late Professor McDougall. It occupies a rather 
curious position midway between the physiological interpretation 
of psychology illustrated in the second chapter, and the position of 
those who insist on the independent and autonomous status of mind. 
On the one hand it disclaims the materialism of those who hold that 
psychological states are mere reflections of bodily processes, while 
refusing on the other to vindicate the freedom of the mind in the 
sense in which most of those who reject the materialist view have 
wished to assert it. 

(a) Professor McDougall begins by defining an instinct as ‘‘an 
inherited or innate psycho-physical disposition, which determines its 
possessor to perceive, and to pay attention to, objects of a certain 
class, to experience an emotional excitement of a particular quality 
upon perceiving such an object, and to act in regard to it in 
a particular manner, or, at least, to experience an impulse to 
such action.” This definition amounts in effect to a denial of the 
materialist basis of psychology, since it postulates the existence of an 
instinctive desire to action which is not necessarily preceded by 
and dependent upon a physiological occurrence. 

As to the number of instincts so defined Professor McDougall’s 
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view has varied. In Social Psychology, published in 1908, he contended 
for the existence of seven primary instincts as being sufficient to 
account for our emotional Hfe. Other instincts were regarded as 
blends of or derivations from these primary seven. In his Outline of 
Psychology, pubHshed in 1923, however, the number of primary 
instincts has increased to fourteen. A distinctive feature of McDoug- 
all’s view is his association with each primary instinct of a special 
and unique emotion. He further contends that the instinct and the 
emotion associated with it are indissolubly bound together as forms 
of experience, so that whenever we act instinctively we feel emotion- 
ally as well. Each instinct, he says, ‘no matter how brought into play, 
is accompanied by its own peculiar quality of experience which may 
be called a primary emotion.” There are, therefore, fourteen primary 
emotions. 

Examples of primary instincts and their emotional equivalents are: 


Instinct, 

Emotional Quality. 

Instinct of escape (of self preser- 

Fear (terror, fright, alarm, tre- 

vation, of avoidance, danger 
instinct). 

pidation). 

Pairing (mating, reproduction, 

Lust (sexual emotion or excite- 

sexual). 

i ment). 

Social or gregarious instinct. 

Feehng ofloneliness, ofisolatiou, 
nostalgia. 


McDougall recognizes in addition to the primary emotions the 
existence of certain secondary or blended emotions which are made 
up of blends of one or more primary emotions. Examples of blended 
emotions are horror, awe and gratitude, and certain derived emotions, 
such as joy, anxiety, despair. These latter are experienced as the result 
either of the obstruction or of the facilitation of the course of activities 
prompted by the primary instincts. 

Some writers hold that in addition to our instincts our psychology 
contains factors known as sentiments, A sentiment is formed by a 
group of instincts and emotions which are organized round a par- 
ticular object or idea, love and hate being typical sentiments. The 
conception of the sentiments which has been popularized by the 
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psychologist. Dr. A. F. Shand, is important in connexion with the 
notion of character. A man’s character, in the ordinary sense of the 
word, may be thought of as the system of all his different sentiments. 

INSTINCT AND REASON 

Before we proceed to comment on this scheme, it will be convenient 
to say something of McDougall’s views on the relationship between 
instinct and reason. These are important since they result in effect 
in a denial of the freedom and spontaneity of mental processes. 
McDougaU only rescues our minds from servitude to our bodies in 
order to enslave them to our instincts. 

This result follows from his assertion that all our activities, of 
whatever kind, are instinctive in origin. “The instincts,” he says, “are 
the prime movers of all human activity; by the conative or impulsive 
force of some instinct every train of thought, however cold and 
passionless it may seem, is borne along towards its end ... all the 
complex intellectual apparatus of the most highly developed mind is 
but die instrument by which these impulses seek their satisfaction. 

. . . Take away these instinctive dispositions with their powerful 
mechanisms, and the organism would become incapable of activity 
of any kind; it would be inert and motionless like a wonderful piece 
of clockwork whose mainspring had been removed.” 

We are all familiar with that somewhat cynical view of human 
motive which insists on regarding the intellect as the mere handmaid 
of our desires, whose function is confined to evolving the best method 
of obtaining satisfaction for our instinctive needs. As Aristotle 
remarked long ago, it is desire which sets the ends of our actions, and 
it is the business of reason, by which he meant the practical reason, to 
plan the steps by means of which these ends may be realized. 

Reason, in other words, cannot accomplish anything by itself; it 
must be prompted by a preceding desire before it begins to operate; 
it is the engine of the ego and desire is the steam which makes it go. 

Now it would be easy to show, and many writers are fond of 
showing, that the superiority of the savage to the animal and of the 
civilized man to the savage is to be found precisely in his greater 
power of giving effect to his desires. This greater power he possesses 
in virtue of the greater efficiency of the tool which he has evolved — 


M.S.T. — 
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that is to say, his reason; it furnishes him not only with justifications 
for what he instinctively wishes to do, but with arguments for what 
he instinctively wishes to believe. Thus all civilized nations are 
enabled to persuade themselves that they are in the right when they 
wish to make war, and individuals comfort themselves with the belief 
that they are performing a salutary duty when they wish to make 
themselves unpleasant. The savage, not being so efficient in the use of 
reason, does not feel the same need of moral justification, and is, 
therefore, able to indulge his instincts without being under the 
necessity of proving himself either a dupe or a hypocrite. 

Now it is precisely this view of reason, as a faculty which has been 
evolved to find a means of satisfaction for our instincts, that is coun- 
tenanced, although not exphcitly advocated, by McDougalFs view 
of instinct and by many schools of modern psychology. 

THE QUESTION OF FREEWILL 

By insisting that reason camiot initiate anytliing, this view deprives 
us of the power of freewill. It is true that our reason is set going by 
our instincts, and that these instincts really are ours; but it is equally 
true that on this view we can neither give an account of them nor 
can we control them. 

It is usually held that within limits we can say that we will act like 
this or act like that, although it is agreed that we cannot say that we 
will feel like this or feel like that. Our instinctive needs and instinctive 
reactions are not, in other words, within our control; indeed, they 
often embarrass us by occurring in opposition to what we know to be 
our interests; for our actions, however, we are, it is thought, respon- 
sible. But can we on McDougall’s theory even say that we will act 
like this or act like that? Most people believe that in addition to the 
instincts and the desires that spring from our instinctive needs, we 
possess what is called a will, in virtue of wliich we are enabled to 
repress any instinct or desire prompting us to activities which are 
repugnant to our moral sense, Tliis process is known as resisting 
temptation. In order, however, that it may be effective, it is necessary 
that the will should be able to act freely. Now can we, on McDougaU’s 
view, claim for it the capacity for spontaneous action? It scarcely 
seems so. 
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There is considerable controversy over the nature of the will, into 
which we have not space to enter here; speaking generally, however, 
we may say that it must be either rational or else instinctive in 
character. If it is instinctive in character, an instinct, to use the term 
in a wide sense, whose function it is to ally itself with reason with the 
object of keeping in check the other instincts, then its success or failure 
on any particular occasion will depend upon die respective strengths 
of the will and of the instinct which the will is seeking to suppress. 
The case, in short, is one of two warring instincts. If the instinct to 
suppress is the stronger, we resist the temptation; if the weaker, we 
yield. Since, however, we cannot be held responsible for the com- 
parative strengths of the two instincts, we cannot be held morally 
accountable whichever way the issue goes. If, on the other hand, the 
will is rational, we must, on McDougall’s view, conclude that it can 
only begin to operate if there is an instinct behind it. If it requires an 
instinct to cause us to think about the differential calculus, it will be 
no less the driving force of instinct which causes us to restrain our- 
selves from lying, from boasting, or from stealing. And since, 
whatever views we may hold with regard to the freedom of the will 
on general grounds, the prompting of our instincts is usually regarded 
as a matter outside our purview, the rational self-control on wliich we 
pride ourselves as the basis of a good or strong character must, like 
a good eye at games or a placid temperament, be consigned to the 
category of those attributes which we possess if we are lucky, and 
lack if we are not. It is not the existence of what is called self-control 
which is denied, but our responsibility for its exercise. On this view, 
then, ethics and all that ethics implies is a fiction; it is rationalization 
of instinctive processes by beings whose vanity is gratified by the 
belief that they are moral, but it is a rationalization which is itself 
undertaken at the imperious behest of instinct. 

CRITICISM or THE FACULTY PSYCHOLOGY 
But is it after all necessary to accept this view? In order to answer this 
question, let us begin with McDougall’s theory of instinct upon 
which it is founded. How far, it may be asked, are we justified in 
treating the instincts given in McDougall^s list as distinct faculties at 
all? We spoke above of certain needs which seem common to human 
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beings, the needs for food, for sex, and for society; these, we said, 
were fundamental in the sense that failure to satisfy them involved 
the death, or at least the serious impairment of the individual. Now 
these needs have a further and equally important characteristic; they 
tend to recur at regular periods as a result of internal disturbances 
which are probably largely physiological in character. For this reason 
we may perhaps regard as instinctive the activities to which they 
prompt the individual, in the sense that these activities, being of the 
nature of automatic response to internal stimuli, are outside our 
conscious control. We can give no account of why we become 
hungry; we just do. 

If, then, we may justifiably regard the activity springing from this 
type of need as instinctive, in what sense can we apply the word 
“instinct’’ to the items on McDougall’s list? The instincts to combat 
or to construction (two instincts which figure on the list) are not 
periodically recurrent, nor does the failure to satisfy them lead to 
serious harm to the individual. They do not, therefore, seem to be 
fimdamental facts of our nature in the sense in which the need for 
food or sex is fundamental, and they are far from being universal. 
It is probable, then, that we should be nearer the truth m regarding 
them merely as types of response to particular situations, or as charac- 
teristics of the activity which we call life of which we can give no 
account whatever, except to note their prevalence in some individuals 
and their absence in others. We are moving here in the direction of 
regarding instincts, not as separate mental units, but as characteristics 
of certain types of behaviour, or, if the metaphor be preferred, as 
facets of a general stream of life. 

It is in the same direction that we must look for a correct account 
of the relationship of instinct and reason. The difficulties of 
McDougall’s theory arise from his treatment of reason and instinct 
as if they were two distinct things. If they were, in fact, distinct, then 
there would be good grounds for supposing that reason was depen- 
dent on the promptings of instinct, since in depriving reason of any 
admixture of the driving force of instmct we should by definition 
have rendered it powerless to act on its own account. But the mind 
is not a bundle of distinct faculties, and there is consequently no such 
thing as instinct uninformed by reason, or as reason uninspired by 
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instinct It is, of course, quite true that in one sense we never do 
anything unless we want to; but that does not mean that when we 
want, for example, to do mathematical problems our wanting is one 
thing and the rational activity to which it prompts us is another. A 
better way of putting it would be to say that in all our activities we 
are impelled by a drive of impulses wliich express themselves some- 
times in behaviour which is called instinctive, as when we seek a 
mate, sometimes, as in the case of the mathematical problem, in what 
are called intellectual operations, but never in behaviour which is 
either completely instinctive or completely rational. We may say if 
we like that the sex instinct normally finds satisfaction through non- 
rational activities, and the instinct of intellectual curiosity through 
rational activities, but both reason and instinct are present in each 
case, because each is merely a different current of the same stream. 

THE ORGANISM AS A CO-OPERATING PARTNERSHIP 
Let me try to make this important point clearer by taking an illus- 
tration from physiology. It is known that the phagocytes or white 
corpuscles in the blood co-operate with the rest of the organism by 
surrounding and digesting intruding bacteria. This beneficent activity 
they carry out not mechanically and under compulsion, but as an 
army of volunteers, each of which is merely obeying its own spon- 
taneous impulse to co-operate with the rest. “Each phagocyte 
indeed,” to quote Professor Graham Wallas, “hunts and digests 
nearly as independently as if it were an isolated inhabitant of a warm 
tropical sea. A man's hair co-operates with the rest of his organism by 
protecting his brain from blows and sudden changes of temperature; 
but it may go on growing though the man has ceased to live. His 
epithelial cells may begin at any moment to proliferate independently 
and so cause death by cancer.” Thus the body may be regarded as a 
collection of semi-autonomous units, each of which is endowed with 
the power of independent action. The process of bodily evolution is 
a process by wliich these units so learn to co-operate with one another, 
that instead of acting like an undisciplined rabble, they produce the 
appearance of a homogeneous unit. “The aim of the evolutionary 
development of the central nervous-system,” in Dr. Head's words, 
“is to integrate its diverse and contradictory reactions, so as to produce 
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a coherent result adapted to the welfare of the organism as a whole.’* 
In other words, the body is like an army of volunteers working 
together for a common end; the more they work together, the more 
successful the functioning of the body. 

What is significant in this view of the body is the conception of the 
co-operating parts of the organism as each possessing its own drive. 
Carry over the notion into psychology, and instead of regarding the 
mind as a collection of faculties, some of which possess the power of 
spontaneous initiation wliile others do not, you will come to think 
of it, on the analogy of the body, as a set of co-operating but auto- 
nomous elements, each of which is endowed with the capacity to 
initiate mental activity on its own account. Thought, then, does not 
require the driving force of instinct to set it in motion; it is driven by 
an impulse which is life itself, an impulse of which instinct is but 
another manifestation. So far so good; but the analogy must not be 
pressed too far, for, taken literally, it would require us to suppose that 
there are distinct elements or units in the mind, just as there are dis- 
tinct phagocytes in the blood, which is the very conception against 
which we have been arguing. Having utilized it, therefore, in order 
to borrow the notion of an all-pervading impulse of life which 
animates each part or aspect, let us concentrate our attention on one 
such aspect, the reason, and ask ourselves whether a reason which is 
credited with the capacity to function on its own initiative can pro- 
perly be regarded as reason at all. Certainly it is no longer reason 
conceived, as it is in McDougall’s view, as a mere instrument; rather, 
it is reason blended with instinct in an indissoluble unity, which defies 
any attempt to separate it into parts. Like concave and convex, reason 
and instinct may be usefully distinguished for the purposes of classi- 
fication as different aspects in the whole to which they both belong; 
but to treat them as separate elements, one of which stimulates or 
employs the other, implies a radically false conception. 

RERCERTION AND THOUGHT 

This point of view may usefully be appHed to the consideration of a 
question which is often discussed by psychologists, the question, 
namely, of the relation between perception and thought. We have 
already referred to the relationship between perception and sensation, 
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and pointed out that, inasmuch as some mental contribution from 
ourselves is present as an ingredient in every alleged case of sensation, 
there is, in fact, no such thing as a sensation proper. But a further 
stage of mental activity is usually supposed to supervene upon 
perception in order to constitute what is called thought. 

Thought is the faculty of interpreting our perceptions, of linking 
them with other perceptions, of &ding, in other words, a meaning 
for them. We have already mentioned this active function of the 
mind in the last chapter in connexion with the apprehension of mean- 
ing. Our object, then, was to point out that this activity was inexplic- 
able on the basis of the materialist view of psychology. Our present 
concern is difierent; it is to show that just as instinct was found to be 
indistinguishable from reason, and just as sensation was observed to 
shade by imperceptible degrees into perception, to be continuous 
with it and inseparable from it, so is perception equally continuous 
with and inseparable from thinking. Many philosophers have held 
that the mind is fitted up with a sort of manipulating apparatus which 
gets to work upon whatever material is presented to it, breaking it 
up and transforming it into the objects about which we think. If, to 
take an analogy, I had been born with a pair of blue spectacles perma- 
nently affixed to my nose, I should see everything blue. This would 
not, of course, mean that the things I saw were blue, but simply 
that the blue appearance was imposed upon them by me as a necessary 
condition of my seeing them at all. Now it has often been argued 
that this mental apparatus to which I have referred is hke the spec- 
tacles, or rather it is like several pairs of them acting together, in 
that it takes hold of the data afforded me by my perceptions, so that, 
by the mere process of becoming aware of them, I do, in fact, 
imperceptibly alter them. This view of the activity of the mind in 
perception was advocated by the philosopher Kant, who held that 
the mind arranged and classified everything by means of what he 
called categories, such as space, time, quantity, quahty, with the result 
that we never know anything at all as it really is, but only in the form 
in which the mdnd has worked it up and arranged it for us. We are 
here at the starting-point of the philosophy of Idealism, which 
maintains that mind is the only real tlning in the universe. A modem 
form of Kant’s view has been put forward by the philosopher 
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Vaihinger. For him it is the imagination which wreathes fictions 
around the data supplied from the outside world, with the result that 
there is no reason to suppose that anytlhng we know possesses an 
objective counterpart in reality which even remotely resembles it. 
“Our sensations,’’ he said, “produce within the psyche itself purely 
subjective processes to wHch, in the modern view, no tiling in reaHty 
— picture it as we will — can correspond.” Hence the explanation of 
what we experience is to be sought in the nature of thought itself, 
rather than in the outside world. 

Theories of this kind give rise to many interesting speculations as 
to the reaHty of the external world, which belong rather to philosophy 
than to psychology, and cannot be pursued here. We have introduced 
them only because of the emphasis which they lay upon the complete 
interdependence of all mental processes. You cannot feel the heat of 
the fire on your hand without perceiving that there is something 
that warms you; you cannot perceive what the something is without 
judging it to be a fire; you cannot recognize the fire as a fire widiout 
synthesizing your sensations of it, interpreting them in the Hght of 
your memory of past experiences, and, for all we know to the con- 
trary, working them up and distorting them out of all recognition 
by means of the mental apparatus which insists on taking charge of 
and transforming the raw material that comes to it. We never get 
any impression from the world raw, it is always cooked; and from 
these culinary operations of the mind there is no escape. 

SUMMARY 

In this chapter I have tried to present a picture of the mind not as a 
bundle of mental units known as faculties, but as a dynamic ever- 
changing force, the activity of which conforms to a number of fairly 
weU-de&ed types of behaviour. According as one type or another is 
most prominent, we say that one or other of our so-called faculties, 
instinct or reason, as the case may be, is functioning. But in point of 
fact the whole mind is present in each of its activities, and all its 
so-called faculties are comprised in each. 

This way of regarding the mind is now accepted in the main by 
most psychologists. One of the oldest traditions in psychology, to 
which almost all psychologists have subscribed, is to distinguish in 
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any given state of consciousness three aspects of the state known 
respectively as the cognitive, affective, and conative aspects (knoW“ 
ing, feeling and striving). Nearly every experience, it is agreed, 
presents these three irreducible aspects. It is first of aU a knowing or 
a tliinking about something; secondly, it is a feeling about the some- 
thing, whether pleasantly or unpleasantly; and thirdly, it is a striving 
towards or away from the sometliing. 

In any given experience any one of these aspects may be more or 
less prominent, but each is always present to some extent, even if in 
extreme cases — e.g., in tliat of the mathematician doing a problem, 
one of the aspects in this case the affective, may be almost neghgible. 
It follows — and this is the conclusion that we wish to emphasize — 
that there are no purely cognitive, affective, or conative experiences. 
The aspects we have distinguished in mind are like waves on the sea; 
they are continually changing their form, they merge one into 
another, and they have no separate existence either from one another 
or from the sea which owns them. Yet just as, however smooth the 
sea, there always are waves, however shght, which can be dis- 
tinguished in though not separated from its movement, so in experi- 
ence we can always distinguish aspects in which the mind as a whole 
is at any one moment expressed. If we steadfastly adhere to this 
attitude to mental processes and apply it constantly throughout our 
psychologizing, we shall avoid many of the mistakes which psycho- 
logists have made in the past. 



CHAPTER FIVE 


THE THEORY OF THE UNCONSCIOUS 

IMPORTANCE OF THE THEORY 

I T WOULD BE misleading to conclude this outline of modem 
psychology without giving some account of the theory of the 
unconscious, although we have space only for the briefest sketch. 
The theory of the unconscious is chiefly of importance for psycho- 
therapy — that is to say, for the practical treatment of nervous diseases 
and psychological abnormalities, and belongs, therefore, rather to 
what is called psycho-analysis than to psychology proper. In so far 
indeed as those who approach psychology from the psycho-analytic 
standpoint have sought to present a complete picture of the working 
of the human mind, they have been largely unsuccessful. But although 
the theoretical basis of psycho-analysis is highly questionable, there 
can be no question of the success which has attended the methods 
adopted by psycho-analysts in treating nervous diseases. These 
methods have been largely based upon the assumption that the 
unconscious as conceived by Freud is not a convenient hypothesis, 
but a fact; and the psychologist is, therefore, obliged to take notice 
of a theory as to the origin and nature of mental processes which in 
practice has been so fruitful of results. The subject is also important 
for another reason. If all that the most extreme supporters of Freud 
assert about the unconscious is true, then none of our conscious mental 
processes are free; they are conditioned in every case by unconscious 
elements whose genesis escapes detection, and whose workings evade 
control. This conclusion, if true, is of the first importance for 
psychology proper. 

I propose, therefore, in the brief space at my disposal, to try to 
present in outline the picture of our psychological interior, with 
which the writings of the late Dr. Sigmund Freud, the Viennese 
psychologist, have made us famiHar, and to give one or two illus- 
trations of the life of its inmates. Before doing so, however, I should 
like to point out: — 

1. That the theories of Freud are not accepted either by all psycho- 
logists or by all psycho-analysts. Another important psycho-analyst, 
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Dr. Jung, of Zurich, while accepting in principle the Freudian theory 
of the unconscious, arrived at very difierent conclusions as to its 
nature and the influence it exerts on consciousness. 

2. That the whole theory of the unconscious is as yet pure hypo- 
thesis, and that not only do many psychologists refuse to accept it, 
but there is no sort of agreement among psycho-analysts themselves 
as to many of its salient features. 

3. That, nevertheless, there can be no doubt of the important 
mfluence which the theory of the unconscious has exercised upon 
modem psychology. For this mfluence Freud is more than any other 
tl^er responsible. His first book was published as long ago as 1892, 
his last in 1939, and he may justly be regarded as the foimder and 
chief exponent of psycho-analysis. It is for this reason that I have 
chosen his conception to form the basis of the following sketch. 

THE FREUDIAN INTERIOR 

The individual s mental interior may be likened on Freud’s view to 
a house with two floors, one of which is a basement. Each floor is 
inhabited by a different family. The ground floor family (the con- 
scious) is small, select and respectable. It is conventional in the 
Enghsh way — that is to say, it is anxious to keep itself to itself, while 
at the same time determined to put up a good show before the 
neighbours. In tliis laudable endeavour it is continually embarrassed 
by the activities of the basement (the tmconscious), which persists in 
the attempt to elevate itselfin society by mixing with the family on the 
floor above. It is a large, primitive, untidy, disreputable sort of family, 
this basement lot, noisy and selfish, caring not a fig for respectability, 
and a prey to unbridled desires which it insists on satisfying without 
regard to the feelings of others. Apart firom its laudable endeavour to 
raise itselfin lie social scale by penetrating upstairs and its volcanic 
energy, there is nothing good to be said for it. So at least the groimd 
floor thinks, and, accordingly, with a view to keeping these unpleasant 
neighbors down, its inmates have hired a sort of policeman (called 
by Freud the censor), placed him on the staircase between the two 
floors, md charged him with the job of preventing the basement 
^ople from getting access to their own floor. It is upon this job that 
the policeman is permanently engaged, with the result that there is a 
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perpetual series of conflicts on the stairs. 

These conflicts may issue in one of three ways: — 

1. The policeman may succeed in keeping a basement inmate 
permanently and eJffectively under. Thus, denied access to light and 
air and deprived of his natural outlet, this thwarted individual (un- 
satisfied desire) may go bad and fester ; like a stream that is dammed up 
and overflows into a stagnant marsh (complex), he may come, m 
time, to poison the whole of the house, affecting, however slightly, 
the activity of each one of its inmates (neurosis). 

2. The basement inmate may win through in spite of the police- 
man, but only on conditions — ^namely, that he consents to be furbished 
up and made respectable. The violence of his primitive individuality 
must, in other words, be toned down somewhat to accord with the 
conventions of social usage. This process of being made fit for decent 
society (sublimation) may alter the primitive basementer out of all 
recognition. (Thus an unconscious desire to elope with your house- 
maid may be sublimated into a sudden aversion from pickled walnuts.) 

3. The basement inmate may come through unaltered. Tliis 
happens when the poHceman is off his guard, especially when he 
goes to sleep. Hence in dreams we are frequently brought face to face 
with the inhabitants of our basements, and although, when we try to 
remember our dreams on waking, the policeman returns to his duties 
again and distorts the dreams in the process of recollection, dream 
interpretation is regarded by psycho-analysts as one of the best 
methods of disclosing the hidden secrets of our unconscious selves. 

Many psycho-analysts hold that all the inhabitants of our ground 
floors are sublimated versions of tlie inmates of our basement selves, 
and members of the Freudian school assert that all or almost all our 
basement desires are sexual in character, although it should be added 
that the word ‘‘sex” is used by them in a sense so wide as to be to all 
intents and purposes technical. 

Our mental life, then, may be likened to an iceberg; the part of it 
that appears to view is only a very small proportion of the whole; 
what is more, it is not the part that really matters. We used to think 
that we could to some extent control our thoughts and desires, and 
that we could, therefore, to a large extent be held accountable for 
what we did. The plain man in particular has been taught and is 
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accustomed to believe that there is in his soul an element or faculty 
called the conscience. The conscience acts rather like a barmaid in a 
public-house: the barmaid would permit the indulgence of a desire 
for a certain time and up to a certain point, and then “Time's up, 
gendemen," she would say, “ out you go," and out the desire would 
go, whether we liked it or not. If, however, the Freudian view is 
correct, conscience itself is a sublimation of an unconscious desire, 
and we are no more responsible either for its appearance in con- 
sciousness or for the strength which it exhibits, than for the appear- 
ance and strength of the other desires it seeks to control. In this 
respect Freud's theory issues in conclusions not dissimilar from those 
of Professor McDougall's theory of instinct which we considered in 
the last chapter, and like that theory, has the eiEFect of seriously 
underniining the basis of moral responsibility. 

REMARKS ON THE UNCONSCIOUS 

I have no space for a more detailed examination of the theories of 
Freud and other psycho-analysts; nor is this the place for a criticism 
of them. It will, however, be sufEciently obvious, from what has 
been said with regard to the so-called “faculty" psychology in the 
last chapter, that the endeavour to conceive of the human “interior" 
in the somewhat picturesque terms that psycho-analysts adopt is 
bound to be misleading. We have argued against the assumption 
that the mind contains separate faculties, such as instinct and reason, 
and the same consideration must apply to consciousness and the 
unconscious conceived as distinct and persistent states. 

The notion, for example, of an unconscious as a kind of under- 
ground dungeon in which repressed desires remain imprisoned, 
awaiting a means of escape, is far too dramatic to be accepted even 
as a symbolic representation of what occurs. When we temporarily 
suppress or forget a desire which subsequently recurs, we have no 
more ground for supposing that it has somehow somewhere persisted 
all the time than, to use a simile of Mr. Ogden's, we have for regarding 
“ the return of spring each year as a proof that she has been lurking 
underground all the winter." 

What persists is probably a certain pattern of the nervous centres, 
of the type which we described in Chapter Two. When the need which 
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prompted the original wish recurs, it finds tliis pattern awaiting it, 
and accordingly appears in our consciousness as a completely formed 
wish, carrying with it the feeling that we have experienced it before. 
It is on lines similar to those laid down in Chapter Two that many 
phenomena, which psycho-analysts invent highly dubious entities 
and faculties to explain, may be more correctly interpreted. 

But though the theory of the unconscious upon which most 
psycho-analysts work may be somewhat crude and over simple, there 
is no denying the effectiveness of the cures which have resulted from 
.an application of psycho-analytic methods- These methods have 
aimed at tapping the unconscious depths of the mind, and bringing 
their contents to the surface, and their validity rests, therefore, upon 
the assumption that the mind, like the spectrum, has certain invisible 
extensions, which are as important and as susceptible of investigation 
as its visible regions. The fact that these extensions must be conceived 
in terms of particular settings of the nervous centres rather than as 
■pools or reservoirs of persisting desires does not affect the great value 
-of Freud’s work. 
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THINKING 

BY H. LEVY 




CHAPTER ONE 


ASPECTS OF THINKING 

E very one thinks. Not every one thinks clearly. Mostpeople 
imagine they think clearly. Those who know they don’t think 
clearly are thinking clearer than those who don’t. 

As you read these lines you are tliinking. We need not consider 
now where exacdy this thinking is taking place — ^in the head or more 
particularly in the brain, or whether it can be located at all exactly. 
All we need accept is that this thinking is being carried on by an 
organ inside your body. Also for the moment we do not consider 
the particular things with which the thinking is concerning itself, 
what we will call the content of the thought, although that is really a 
very important part of the whole process; just that you are a human 
beiug, the seat and agent of thought. 

So when I look at you in these circumstances I realize that, as you 
think, some process is going on '‘out there.” I can say that your think- 
ing is an objective process, meaning thereby that it does not matter 
much whether I am looking at you or not, the thought process con- 
tinues to go on in your head or in your body nevertheless. As far as I 
am concerned your thinking takes place objectively; that is my first 
conclusion about your thinking. 

I am not the only person concerned about your thoughts ; I am only 
the onlooker. You yourself are more intimately mvolved in it than 
any one else. You are the seat of the process, you are doing the think- 
ing and you are experiencing it You make contact with your thoughts 
internally, or as one says subjectively. You experience an aspect of your 
thinking that no one else gets. I can imagine what it is like, because 
I also do thinking, but as far as yours is concerned, you alone experi- 
ence this internal, this subjective aspect ofyour thoughts. That is the 
particular or personal side of your activity; nevertheless it is one com- 
mon to us all. 

We say then that thinking has at once both a subjective and an 
objective aspect, or that the process called thinking exists objectively 
and is experienced by the thinker subjectively. 

When you are thinking something special is happening to your 
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brain. It is undergoing some change. If I could see through your skull, 
I imagine I could watch these changes occurring. They are accom- 
panied by tiny electric currents over your brain. Professor Adrian has 
actually devised a delicate electric instrument for following them as 
they occur during thinking. Once again we need not concern our- 
selves with the detailed nature of the movements that are taking place 
there. They do occur objectively. In that sense they are not different 
from the changes that take place, say, on the surface of stone, the kind 
of effect we call weathering. There is nevertheless a vital difference 
between the case of the stone and that of the brain; the difference 
between living and non-hving material, between animate and inani- 
mate matter. Although both show objective appearances of change, 
evidence seems to show that only animate or living matter experi- 
ences these changes subjectively. A human being is cut with a knife. A 
pencil is sharpened. In both cases the cut occurs and exists objective- 
ly; in the case of the living being only, is the cut experienced also sub- 
jectively. There is no meaning to the word subjective in the other case. 

The first point we have to seize hold of, therefore, is that while 
tliinking is a process that occurs objectively, that process is experi- 
enced, or felt, or sensed subjectively only by the thinker. It is some- 
tliing else that the onlooker gets out of your thoughts. We can perhaps 
appreciate this point in another and more striking way if we take an 
analogy to a certain form of thought, viz., memory, thinking of the 
past. Pick up a stone on a mountain side, and examine it closely. It is 
chipped in places, covered with scratches, some deeper than others. 
One side is more weathered or affected by air and moisture than 
another. If it were worth while you could piece together a great deal 
of the past history of that particular stone from a close study of these 
surface effects. Had the stone been a human being, every scratch and 
knock that left its effect on the surface would have corresponded to 
an experience that would have been subjectively or internally felt by 
the person. In varying degrees he would have remembered them. The 
scratches and weathering would represent the physical side of the 
stone’s memory, if it had one. Once again note that the word memory 
is only used for those cases where there is also a subjective side; for 
remembering is thinking about past events. Thinking is always con- 
ducted in the present, but the centre of thought may be an image of 
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the past, a thing of the present, or a constructed image of the future. 

How does an outsider become aware of the existence of the process 
going on inside the thinker? After all we do not see through people’s 
skulls. Can thinking be conducted without any outward evidence 
showing itself? If indeed this were so how could we ever collectively 
get to know of its existence? e would have to imagine ourselves as 
immobile creatures with glassy stare, stiff hps, and paralysed limbs. 
We would not be human beings at all. For thinking does not show 
itself to us in molecular movements in the brain, but in speech sounds, 
movements of the lips, glances and twinkles of the eye, gestures of the 
head, hand and arm. It shows itself in behaviour. It shows itself in 
action and in the relations between successive actions we perform. We 
recognize a plan, a pattern in the activity, and we conclude that the 
individual has been doing something we do ourselves, thinking. 

Take speech for instance. It is one of the outward, visible, and audi- 
ble signs that thinking is taking place. The thinking may or may not 
be good, accurate or clear, but the fact remains that such muscular 
movements of the throat or lips are almost invariably a sign to us that 
thought of some kind is taking place. 

There is ample evidence that this is so. Indeed, those who associate 
themselves with what is called the Behaviourist school of philosophy 
even assert that thought without speech in some form, however primi- 
tive, is an impossibility; that even when no sounds are emitted, what 
we call thinking is always accompanied by muscular movements of 
the throat. They go further than this. They say that since that is all 
you can see, since all else is unobservable, you have no right to suppose 
there is any other side to it. Thus to diem thought is muscular con- 
tractions of the throat. The two are identical, they maintain. Now 
we have already perceived that thinking is both a subjective and an 
objective process. When an individual thinks, he may mutter to him- 
self, pucker his brows, walk up and down. When he reads or writes 
“with concentration” we say he is carrying through a task that 
involves “brain work,” and these are also some of the signs we usually 
associate with thinking by human beings. They are to us aspects of 
the whole thinking process. The Behaviourist stops at this stage and 
asserts that these are really all we can mean by tliinking. He asserts 
this because he insists on restricting himself only to the outward signs 
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ptsible to the onlooker. But after all, seeing is not the only way we 
perceive things and processes. We may smell them, hear them, and 
feel them. Can we smell, hear or feel another person tliinking? Rigor- 
ously of course if we maintain the attitude of the onlooker , we will 
only look on, we will only see, but we are thereby unduly restricting 
our powers to deal with the situation. Blind people think and can tell 
from speech and gesture when others are thinking. In an indirect way 
we can enter into the thought processes, or appreciate the course of 
these thoughts, of someone else. That indirect way is through our 
own subjective view or feeling of our own thoughts. But the 
thoughts that we feel in this way, thoughts that I am calling our 
own are aroused in us by the particular sounds emitted by the other 
person. The motion of the lips, and the sound emitted convey to us 
an expression of the feelings and internal reflections of the thinker, 
by arousing in us what we must suppose is a similar train of thought. 
What this really amounts to is that we assume or infer, that when 
another individual says something, the internal or subjective feelings 
he has are similar to those we have when we use the same words. In 
spite of any doubts that may arise concerning the justification for 
this inference, to the ordinary listener it is these speech signs and 
what they evoke, the mental images and pictures, the feelings of 
assent or dissent, that represent the most important element in 
thought sharing and thought passage. They produce a subjective 
reaction that to each of us is much more important than the muscular 
movements themselves, for the latter are to the speaker and to us 
simply the instrument for expressing his thoughts and evoking a 
response from us. This could be done by a gramophone. It is done by 
a book. It would appear therefore that the Behaviourist in refusing to 
recognize the existence of anything other than the instrument itself, 
die speech mechanism in this instance, is restricting himself simply to 
one very trivial aspect of the problem of thought communication. 

Now there is a very important lesson in all tins for us. To see this 
let us go back to our illustration of the stone, weatherbeaten and 
scratched, as we discovered it on the hill-side. What a marvellous 
description of its past history could be built up by a modem scientific 
Sherlock Holmes, equipped as he would be with profoimd geological 
knowledge, powerful microscopes for exaniining the surface scratches 
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and undulations, and the grains of foreign material that adhere to the 
surface; chemicals and balances for analysing the composition of these 
clinging particles; apparatus for hardness tests to discover the pressure 
and force of the blows and of the scraping it has undergone. By the 
time Sherlock Holmes had completed his investigations, smoked his 
many pipes as he pieced his evidence together, and pondered carefully 
his conclusions, you can depend on it he would have a fascinating tale 
to tell his friend Dr. Watson, a tale of wanderings, rollings and jolt- 
ings to which the stone had been subjected over a long period of its 
past history, perhaps thousands of years. Endow your stone with a 
brain, not too good a brain — rather an inferior one — a stupid brain. 
Endow it with feelings and the power of language at a level to be 
expected of that brain and those feelings. That is to say, suppose it 
has words to describe its feelings, its thoughts. What could it not tell 
us of its wanderings, its hairbreadtli escapes, the agonizing blows it 
was struck, the torture of the scratching and ripping it endured. Of 
the stone’s own impression of its experiences, Sherlock Holmes could 
have told Dr. Watson but little. With his fertile imagination he could 
possibly have suspected but he could not have been certain of the 
whole story. He would require feelings and thoughts similar to those 
of the stone, to appreciate it properly. Can we ever imagine what a 
sparrow feels when caught in tEe claws of a cat? The higher the level 
we have attained in sensitiveness, the further are we removed from 
creatures less endowed in that respect, and the more difficult is it for 
us to descend emotionally to the lower level. 

The picture can be reversed. How much of the history that the 
scientific detective had pieced together would the stone know? 
Excited and overwrought as it was during its struggles, what could 
it know of the dispassionate analysis of the geologist, the chemist, the 
physicist. The conclusion is obvious. The full story requires both the 
external and internal view. It has to be seen and it has to be felt, it has 
to be looked at objectively and it has to be experienced subjectively. 
Each presents us with only a partial picture. For let us remember that 
the more strenuous die experience the more positive would the stone 
be of the nature and explanation of its travels, and therefore the less 
competent to sec die whole affair objectively, that is to say, as seen by 
the observer. 
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The converse is also true. The more objective one is, that is to say, 
the more one is a mere onlooker, the less competent is one to enter 
into the affair subjectively. It follows, therefore, that since events that 
affect human beings, and indeed also animals, have both a subjective 
and objective aspect, we will certainly be deluding ourselves if we 
imagine that either a purely objective or a purely subjective treatment 
is anything like adequate for die whole story. If we were to use the 
word truth to stand for “the whole story” then neither approach in 
itself can lead to truth. 

There is, however, more in it even than this. How often have we 
heard the phrase “I feel intensely that this is true.” No doubt. The 
statement in itself is evidence of the intensity of the feelings; but is it 
evidence of truth? Many people in the past have been convinced and 
passionately convinced, of the truth of falsehood. Many martyrs in 
history have gone to the stake in the false belief that they were dying 
for some eternal truth. The statement quoted reflects rather the sub- 
jective and internal aspect of sometliing that takes place externally, 
but whether the reading of that event derived from internal evidence 
alone is consistent with the evidence that would be obtained externally 
is another matter. For this question of evidence, and tliis matter of 
“truth’ ’ are difficult affairs about which words must not be used lightly 
or conclusions arrived at without due regard to all the circumstances. 
We have to remember this when we meet people whose conviction 
of truth, and the vehemence with which it is expressed, is offered as 
evidence of the accuracy of what they assert. Certain “truths” may 
of course be mainly subjective, and objective evidence merely circum- 
stantial. For example, if you tell me you feel a pain, how can I “verify” 
(note the word — ^verify=make true) your statement. You know 
whether or not you have a pain. You know by feel. It is a feeling. 
That is what the word pain is used for, to describe what you know 
you feel. If you are a schoolboy, and you tell me that you have a sore 
throat, and cannot therefore go to school, all I can do is to wait until 
you have managed safely to evade school, and as soon as I hear you 
singing or shouting loudly, pounce upon you triumphantly with the 
remark: — 

“A boy who has a sore throat doesn’t behave like that!” I check 
your statement against the evidence of other human beings in cases 
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where people say they have sore throats. Just as I had to deduce or 
infer the existence of your thoughts from your behaviour so also I 
have to infer the existence of your feelings from your behaviour. I 
check the theory suggested by your words that you have a pain, 
against your behaviour. 

Many people think with their feehngs. Here I am using the word 
think in a sense different from before. ^We have regarded thinking as 
a process associated with the brain, but we saw also that we, onlookers 
on other people s thinking, concluded from behaviour whether or 
not they were thinking. Now, thinking is not the only process that 
can be seen through behaviour. Feeling as much as thinking shows 
itself in action in this way. 

He is very emotional, we say, when we mean that in certain 
circumstances the individual is “carried away” oris “overcome.” We 
suppose that his actions are being decided principally by his feelings, 
rather than by his thoughts. 

‘‘He is cold and calculating,” we say, when his thinking guides liis 
actions, and his feelings are smotherei 

Now do not let us assume that “correct” action is necessarily to be 
decided either by thought or by feeling, either by being cold and 
calculating or by being emotional. Many a person has emotionally 
rushed to do the correct doing. Many a person has thought out his 
course of action carefully and done the wrong thing. Right action 
and wrong action (or shall we rather say correct or false action?) 
may have to be discriminated not by the process of arriving at the 
decision, whether by thought or feeling, but by whether “objec- 
tively the action fits in with the process we intended to bring 
into being. All tliis we shall have to enter into in greater detail later 
on, but for the present we can see that correct or false thinking is not 
such a simple process as we may have imagined; that somehow or 
other it is frequently interlocked with correct or false feeling, and 
correct or false action. Furthermore, that since thinking has also a 
subjective aspect, it is probably in this respect that it links up with this 
question of feeling, that continually obtrudes itself in this discussion. 

But first we must get ourselves straight on the use of words. Already 
in this chapter we have seen how easily we tend to use words loosely, 
and to confuse our thinking by that very looseness of expression. 



CHAPTER TWO 


THINKING ABOUT HUMAN SOCIETY 

I MAGINE HUMAN HISTORY as a pageant set out along a Strip of 
film about fifty feet long and unrolling itself from a dim, uncertain 
past, through the dark night of the Middle Ages to the definite out- 
lines of the present. Here it vanishes abruptly. At one end our 
ancestral parent, scarcely distinguishable from the modem ape, gropes 
with blurred mind through a world he cannot reahze, life a perpetual 
physical struggle, food above all his first consideration. At the other 
is the alert member of a modem civilized community, in masterful 
control of the forces of Nature, carried about hither and thither with 
incredible speed, within a few minutes in direct communication by 
wireless or telephone or telegraph with any other individual on the 
planet; the inheritor of a highly complex society with elaborate 
amusements, literature, music, science, intricate machinery for the 
provision of food, shelter, clotliing and the satisfaction of his cultural 
interests. How has this transformation taken place? Let us examine 
this film in detail, a full hour to allow this fifty feet to unroll before 
our eyes, a motion picture, displayed with an incredible slowness 
which is nevertheless essential if we are to study it. Forty-nine feet 
of film creep steadily past our eyes. A bare minute now remains of 
the hour, and yet we have scarcely seen man pass beyond Iiis early 
savage stage. Why has he moved so slowly throughout the ages? At 
last the beginnings of civihzation appear. Fifteen seconds from the end 
while but three inches of the fifty feet remain, the Christian era begins. 
As the film creeps slowly on, and the last few seconds beat out, events 
begin to flash past with gathering speed. Two vital seconds arc 
absorbed in the darkness of the Middle Ages, a cruel civilization 
steeped in mysticism and magic. An eighth of an inch from the end 
with yet one second to go, “Puffing Billy’’ flashes momentarily into 
view, and modem transport has emerged; the Industrial era has begun. 
With the last half-second there is a sudden illumination by electric 
power and the modem world flashes in; within the last tliirticth of an 
inch, aviation and wireless. Visually we can discriminate no more; 
slow, tediously slow as the film has moved, the speed of change dur- 
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ing the last quarter of a century is yet too fast for the eye to discern 
even the broad phases of what has happened. It finishes in a momen- 
tary blur. We pick up the film at our leisure and examine the end. 
To what heights, we wonder, must these human beings have risen, 
who in such an incredibly short span have shot up god-like in their 
mastery over time and space? The film tells us. At a distance equal 
to the thickness of a fine line from the end the climax from savagery 
to culture is reached; civiHzed man steeps himself in an orgy of blood 
and slaughter on a world scale, bringing to bear the highest refine- 
ments of brutahty and the greatest powers of destruction with which 
he has succeeded in providing himself 

Such in brief is the history of civilized man. 

What of his future? Dare we predict even a hair’s breadth beyond 
the end of the film? 

Why this slow flickering of a flame throughout the ages, why this 
sudden rise to brilliance? What has driven it on? How has it all 
happened? 

If we are to discover how we do think, this is the picture we shall 
have to keep continually before our minds. We must know who we 
are, where we came from, and what has happened to us. We shall 
have to see ourselves objectively, as people that fit somewhere into 
dais picture; subjectively as individuals with feelings and desires some- 
how associated with what has happened to us throughout all these 
long ages, members of that long procession that stretches throughout 
the 500,000 years from early primitive man to the present day. We 
shall have to discover what we have inlierited from that vast lineage. 
For do not let us imagine that we can ever free ourselves completely 
from the shackles of the past Scarcely more than 10,000 generations 
separate us from diat grimiing parent of ours who lived on what he 
could capture from the wild, tearing it Hmb from Hmb as he devoured 
it alive. 

We are closer to the savage daan we may imagine. It is unlikely that 
the little upstart, modem man, emerging so recendy from an atmo- 
sphere of hate, and fear, and suspicion, can have done much more 
than press below the surface many of the habits and moods that 
governed the lives ofhis forefathers for ninety-eight per cent of their 
wanderings on earth as men. Our problem is to see tliis question of 
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thinking in its true perspective. We may go hopelessly astray unless 
that perspective be historical and social in the first place. For men 
have always been fragments of society, coloured and conditioned by 
the environment they thrived in; and this film, if it does nothing more, 
brings out to us how much of that environment was primitive and 
wild, how much of it was imposed by the combat with nature. 

Now the first point to recognize is that in the case of no other 
animal could such an historical picture be produced. Animals cer- 
tainly have evolved and some have changed in shape and appearance 
considerably throughout recorded time. Horses of Eocene times, for 
instance, were of the size of dogs, running on five toes instead of a 
hoof. What we have seen here, however, has not so much been the 
changes that have shown themselves in the physical make-up or the 
outward appearance of man, as in the society he has created. If one of 
our ancestors, say 50,000 years ago, were washed and shaved and 
dressed m evening clothes, I have no doubt that, apart from liis social 
behaviour, he would nowadays pass unnoticed at any banquet. Or 
we can put it in another way. There are many human beings in 
present-day society who, in all but hair and social habits, and some- 
times even in that, might well be members of the society of primitive 
man. 

The first crucial point of difference between man and other animals, 
therefore, would appear to lie in the fact that he has a highly organized 
social life. How has it come about, then, we may ask, that man has 
succeeded where other animals have failed? Have they indeed failed? 
After all, he is not the only animal that Hves in herds, nor is he the 
only live thing that lives in a complex society. Ants and bees live in 
communities and have a highly involved code of behaviour; could 
not a similar picture be drawn for them? 

And here a word about the very language we have used in raising 
this issue. Why do we say that man has succeeded in building up a 
developing society, and ants and bees hzvt failedl In doing so we 
seem to be implying a deliberate and conscious effort on the part of 
both. There was certainly no such consciousness. As we shall see in 
a moment, in the case of man success depended principally on the 
possession on the part of man of certain physical characteristics that 
no other animal or insect possessed to anything like the same degree. 
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Each generation of human beings begins hfe with relatively few 
inherited instincts, and what few there are are rapidly altered or trans“ 
formed as die child undergoes its training from its earliest days. His 
physical appearance and his bodily structure he inherits from his 
parents, in exactly the same way and according to the same laws as 
with any other animal. His capacity for learning is, however, associ- 
ated with his brain, and it is the brain of man that is unique among 
his brothers of the animal world. This must not be understood as an 
assertion that “intelligence” is, in individual cases, derived from the 
parents. What is to be understood by such a characteristic, and how 
it is to be measured in order to study its mode of inheritance, is a 
difficult problem and by no means yet solved. Rather is it man’s 
capacity to learn and the physical characteristics of the brain known 
to be associated with this, viz., his large forebrain that remains a con- 
stant inheritance within the human family. When we talk of inheri- 
tance in man, therefore, let us recollect that there are in reality two 
processes going on at the same time. Individuals inherit physical 
features from their parental stock, and with this the study of genetics 
is concerned. But over and above all this, every new-born child 
inherits, from all previous generations, a vast storehouse of know- 
ledge and experience, a code of behaviour, habits, and customs. As 
a human being he possesses a forebrain that is so plastic, so sensitive 
to change, diat during the short span of his Hfe he can acquire a fund 
of knowledge and experience that is approximately the summation 
of all that has been acquired by past generations of his forefathers. 
Every child in this sense stands on the shoulders of his parents, his 
grandparents, and, indeed, on the shoulders of all previous genera- 
tions. His brain being such that he also can learn by new experience, 
he in his turn makes his contribution to die common stock and leaves 
die world richer for his having been born. 

It is, then, this power to learn by experience and to pass this experi- 
ence as social capital into the common fund that is crucial for man s 
evolutionary development. 

His power over nature has thus grown by leaps and bounds. For 
every child enters into a world, changed by the discoveries and appli- 
cations, small and scarcely perceptible as they may be, introduced by 
all Ms forbears. Each child benefits from these to a greater or less 
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degree and introduces further changes. Such a life, such a social 
environment, can ne\€r be static. Change and development is of its 
essence. In die individual, crude primary instincts and habits and 
routine may be of little consequence or of little direct value con- 
trasted with die power to learn rapidly how to use, and how to 
benefit from, every change that he and liis fellow members of society 
can initiate. 

It is highly probable that for many thousands of years ants and bees 
have not changed the routine of their corporate life. They have built 
their ant-heaps and their bee-hives to an unchanging pattern. During 
this period man has transformed liis savage state to that of modern 
communities. During the past three generations, for example, 
Western Europe, in becoming iiidustriaUzed, has made the whole 
complex of habits and customs of the population undergo profoimd 
changes. It has passed rapidly from the agricultural and the simple 
handicraft stage to that of a population of dwellers in huge cities and 
slums. It has given birth to new interests and desires, and it has dis- 
covered new methods of satisfying them. In three generations the 
whole balance of its social Hfe has altered in a profoimd and revolu- 
tionary manner. Compare this witli itisect life. What changes in social 
organization take place m three generations of ants or bees? Less than 
500 generations ago our ancestors were wandering savages. What 
alterations in ant life takes place in 500 generations? 

In nerve and brain structure man is anatomically a totally different 
type of being. Ehs speech and his writings and his educational system 
have made learrdng possible with such a speed and on such a scale and 
to such a depth that as discovery follows learning and learning follows 
discovery his social life rises ia leaps from one level to another; it 
cannot stand still. Growth and development are now an unavoidable 
part of its composition. 

Do not let us imagine that because of our acliievement in thus 
building up a complicated modem society we can pride ourselves on 
having done so deliberately and consciously. On the contrary, we 
have bungled and blundered, we have fought ourselves blindly into 
it. In succession we have tried and erred, succeeded and failed. Nor 
are the instruments we have forged for social life, the instruments of 
speech and thought, of construction and organization, in any sense 
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perfect. These also we have produced in a blundering and bunghng 
way. We have muddled through to our present position. As new 
discoveries have been made, and new ideas have passed from them 
into the social texture of life, new words have had to be invented or 
old words have been strained in meaning to fit the new situation. 
With a gathering experience, thoughts and values change, the 
innumerable details of Hfe take on new interpretations, new feelings 
and emotions are aroused. Language changes in their wake in the 
effort to express these things. Thoughts, feelings, actions, language, 
and social background generally, act and interact on each other, 
sometimes in step, but more generally out of step — a team of horses 
pulling and tugging, but with a pull in the same general direction. 

Speech, in the sense in which we know it, is principally for the 
communication of ideas, the arousing of feelings in others, or for the 
issue of direct or indirect instructions urging them to action. The 
existence of a language of sounds therefore shows up one of the most 
significant differences between man and his lower relatives. It is a 
sort of word machine, to hand on experience from one to the other. 

I am no longer restricted to my own short Hfe for learning what the 
world has to teach me directly. To some extent I can also Hve the 
Hves of all those others with whom my common language enables, 
me to exchange thoughts and feelmg, and to compare actions. My 
opportunities for learning are multipHed by the number of people 
with whom I can converse. 

But this is only the most elementary step. Man has gone very 
much farther. By the invention of the printed and written word, a 
symbol or sign for the sound, he can transmit a sound, as a mark, to 
a time and place it would not otherwise reach; he has thereby 
estabhshed a method of bringing the cream of the experience of 
previous generations, and of the creations of outstanding men of 
genius of the past, to a focus, for all to study who have leisure to 
read. In our libraries and museums, and in our spoken traditions, we 
have practically all that has survived of the past history of the race, 
available for our present enjoyment and edification. Language, writ- 
ten and spoken, has created a snowball of learning and imderstanding 
that grows steadily from generation to generation. 

In this way it contains within it the possibility of deliverance from 
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the confusion of fact with fancy, that arises inevitably in the imagina- 
tion of the individual, who must perforce lead a life restricted in 
time and place. When we look back on some of the isolated com- 
munities of earlier days we see how their interpretations of life were 
falsified by their limited experience. Devils inhabited stones, and gods 
dwelt on mountains; thunder was the wrath of angered spirits, and 
streams possessed magical healing power. Witch doctors wielded 
power in virtue of the ignorance of their fellows; the threat of danger 
from the unknown had to be deflected, and the spirits appeased. 
Signs and gestures, magic words and phrases, the subtle influence of 
the stars, all played their part in the explanation of the unknown. 
An isolated community was little more than a group of savages 
crowding nervously around a tiny spotlight of understanding, dimly 
illuminating the small circle of the known and accessible universe. 
Outside this lay the fearful, the mysterious, the magic. 

In such a situation language developed. Explanation described the 
known in terms of the unknown, the actual in terms of the fanciful; 
and such a language have we inherited. Traces of it still remain in 
many of our simple, common words. Lunatic literally means moon- 
struck, an individual who has come under the influence of the moon. 
Here the abnormal behaviour of the individual is “explained’' as due 
to a mysterious heavenly agency. We may long ago have given up 
tills particular fancy, but how many more are there of this nature 
that we tacitly accept without question? 

“We will beat it out of him,” says the teacher or the parent to the 
tmruly child. “He has a devil in liim.” 

In our quieter and “saner” moods of course we laugh such beliefs 
and such actions to scorn, but are we always sane in this respect? Are 
children never beaten? 

If a child has acquired a habit of which we disapprove, do we ask 
ourselves the scientific question; — 

“What kind of an environment is required in order to modify the 
life of this child?” or do we say: — 

“He is bad. He has to be beaten.” 

Is this not frequently but the ancient attempt to drive out a devil, 
sin, by physical force, a habit society has not yet given up either in 
public or in private? We may call it discipline, we may call it morals 
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or ethics, we may give it any grandiloquent name we care, but the 
fact remains that it may be merely the continuation into modem 
times of an ancient barbarous custom that has its roots in the fear of 
devils tliat may possess us. What is the modem attitude of many 
people to the doctor but that of ancient times to the medicine man 
and to the witch doctor? How many people still believe in the ‘‘evil 
eye/’ and use the expression habitually in their language? Have we 
eliminated the word luck from the language! Indeed, we can meet 
people every day who believe in charms. Have you a lucky number? 
Do you object to being married on a Friday? Do you throw spilt salt 
over your left shoulder, perhaps with a laugh, but nevertheless with 
a sneaking feeling that “there may be something in it”? How many 
people are afraid of the dark? Afraid of what? Unknown spirits? 
Ghosts? You are alone at night and hear a mysterious tapping. It is 
uncaimy. What are these words “mysterious” and “uncanny”? Why 
are you nervous? I tell you there must be a perfectly plain and 
straightforward explanation in terms of natural and understood 
events. Yet you are nervous. How is it that your conduct does not 
seem to fit in with your reason? 

We are a medley of fears and terrors lying just below the surface. 
Separate us from the crowd, separate us from society our parent, 
and we are at the mercy of every sound and shadow. We are thrown 
almost at once back into the primitive stage. 

Have you ever watched a calf or a lamb from birth, how it per- 
sists in behaving as if it were still imseparated from its mother? 
Drastic action has to be taken to change the habit. They are put in 
different fields, inaccessible to each other. In the same way, when 
animals crowd together we call it the herd instinct. When a mass of 
people behave in a characteristic way we talk of mass psychology, 
as if it were sometliing special and strange. Surely the picture of 
evolving man — evolving group men would be more accurate — sug- 
gests that we humans have first a social mind, and only nervously 
do we venture o£F on little mental excursions of our own, straying 
not too far from the common herd. That is what we mean when we 
say: “I mustn’t think any more about this, or I will lose my sanity.” 
It implies a fear of differing too much from the rest of one’s fellow 
men. Sanity is surely simply “sociality,” to coin a new word. 
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We can see this in yet another way. Try to picture all the horrors 
of the last war, the detailed stories of death and blood and slaughter, 
of drowning and stabbing, of burning with flame projectors, of the 
blowing up of fathers and sons with high explosive, of men choking 
to death with gas, wallowing for days and nights in mud, of whole 
shiploads of seamen drowning en masse, of men simply vanishing 
from one’s side blown to pieces by shells. Try to imagine that you 
alone, in all the world, knew of this, and that you had to bear alone 
the knowledge of all this, for four and a half years— not knowing 
all the time when it was going to end. 

Could you have kept your sanity? Yet millions did. If four or five 
sons of a mother in succession had lost their lives by a sequence of 
accidents in peace time, would it have been possible for the mother 
to keep her sanity? How was it possible, then, for women to stand 
up to such blows during that period and come out of it scarred and 
seared indeed, but still sane? Think of the fuss Job made over his 
troubles. Was all this not possible simply and solely because it was 
happening, not alone to the single isolated individual, but to the 
group, and as long as the group shared your experiences, so long was 
it possible to feel sane? When we talk of having faith in ourselves do 
we not mean that others also have faith in us? When we talk of hav- 
ing an individual experience, do we not also mean that others also 
have experiences like this and that we are sharing in somctliing com- 
mon? When we talk of thinking and reasoning, do we not mean a 
mode of thought common to our fellow members of the group? 
Even the most eccentric of us must find someone who will regard 
us as normal. 

In our moments of speculation we are all prone to a certain con- 
ceit. We tend to regard ourselves as separate and distinct individuals 
electing to live together with our fellow men. Society then appears to 
be simply the mechanical combination of a large number of separate 
beings, each with his own individuality, with his own ‘"rights,” his 
own personal “freedoms,” but willing for the sake of certain advan- 
tages that come to each of us from society to accept certain limita- 
tions on these rights and freedoms. As individuals we tend to elevate 
ourselves above the group and imagine we enter into a sort of con- 
tract with others, and with the organization dicse individuals set up 
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to regulate our relations one widi the other. 

We are now beginning to realize that this is a false picture, a false 
perspective. Society pre-existed us individually. We are born into it, 
we are a small growing point of it. We eat its food, imbibe its 
education, follow its customs and think its thoughts. It was there 
before we were born, and it will outlive us. Even our generation is 
only a passing aspect, a transient reflection of it. Although it is true 
that we are born with relatively few instincts, whether we are bom 
with them or acquire them later, we have nevertheless locked up in 
us, hidden just below the surface, a mass of social afEnities of the type 
that force us unconsciously to cling to the parent group. Within each 
of us there co-exists two struggling characteristics — one tying us to 
the herd, the other driving us from it. 

Finally, do not let us confuse society with the State. The State is 
a particular form of government or organization of a section of 
society that has come into existence during a particular period of 
history. There have been times when social groups have broken 
away from State organization, as in the case of the pilgrim fathers. 
There have been occasions when the State has been upset, and a 
different form of group organization has been established. The 
Cromwellian revolution was a case in point; and during the past 
twenty-five years Europe has become a museum of such specimens. 
State organization adapts itself slowly, or changes catastrophically 
when it is no longer able to cope with the growing and changing 
needs of social life. That it is these growing hungers, changing and 
expanding from generation to generation that are the driving forces 
that take society from one level to another, is easily seen. 

Compare the life of an ordinary workman today with that, say, 
of King Alfred. The latter in a position to command all that his 
society could offer in his day, yet had no gas, no electric light, no 
trains or buses, no newspapers, and no houses even approximating 
to modern workmen's flats. This does not imply that a workman 
today is likely to be any more satisfied than one of the days of 
Alfred. Satisfaction or dissatisfaction is the result of a conflict 
between what an individual receives, and what he feels are his needs. 
What he feels arc his needs, rightly or wrongly, are closely con- 
cerned with what he conceives society can produce or could offer 
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him. It is the potential capacity of society to arouse wants and its 
actual capacity to cater for them that settles whether he will be 
content with his lot. 

Society by its very nature keeps up a perpetual drive in the direc- 
tion of arousing new wants. The repository of new knowledge and 
new modes of control over nature, accumulating from generation 
to generation, turning these discoveries always to appHcation, society 
perpetually shows to its members ever new modes of living and 
experiencing, and therefore continually leads the desires of its mem- 
bers along unexplored avenues of living. It is when the State, the 
temporary machinery of organization, is no longer able to satisfy 
these needs that insurgence arises, the State is overthrown, and new 
machinery replaces it. Social Hfe persists. States come and go. The 
imaginary film with which we commenced this chapter is a picture 
of the continuity of social life. Examined in detail it will be seen to 
show a succession of types of State at each level of society, ranging 
from early tribal forms, through theocracies, aristocracies, Medieval 
Papal States to Nationalist, Imperialist States and Socialist Republics. 



CHAPTER THREE 


THINKING ABOUT SPEECH 

S OME WIT HAS remarked that speech was invented to hide 
thought. The attraction in the statement rests on the fact that it 
conveys a partial truth; but a truth not usually admitted. It has this 
additional interest, that it involves a contradiction. It is itself an 
illustration of speech being used to express thought. 

Speech is, of course, not an invention, although artificial languages 
hke Esperanto or Ido are. It is no more an invention than the gestures 
we make with the hands, and the grimaces we make with the face 
in order to express our thoughts and our feelings and to communi- 
cate them to others. It is a method of using the muscles of the throat 
and the larynx, rather than those of the arms and the face. That it 
has evolved in such detail that the lips, tongue and shape of the 
mouth also enter in elaborately is merely evidence of the fact that 
speech has been found to be an invaluable instrument for expressing 
certain special needs of man. As these have grown, the instrument 
has been elaborated and developed side by side with them. In dis- 
cussing speech by itself, therefore, we must beware of the danger of 
separating it off as a process by itself, as if it had been specially 
designed to fulfil a finished purpose. The purposes to which speech 
can be put have been discovered by man with the growth in his 
power of speech. Its power has been made to extend as man’s pur- 
pose has itself widened. Each whets the appetite of the other. 

The function of speech then can be set out simply. It has to com- 
municate a train of thought from one person to another. It has to 
arouse a sequence of feeling and emotion in the listener. It has to 
describe a situation; that is, it has to call up a series of mental images. 
It has to instruct individuals in a course of action. 

To make any one instrument fulfil these diverse demands is no 
small matter, and the fact that human beings find themselves capable 
of using language for these varied and difficult purposes without 
conscious effort is itself evidence of the naturalness of the process for 
man. As we speak we are not very conscious of the exact words we 
use. That some kind of selective action is in being becomes clear 
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when we hesitate, when we find ourselves picking and choosing our 
words in order, as we say, to convey the exact meaning wc intend. 
In general, however, as the words flow from our lips they reflect our 
thoughts and our feelings so closely that it is difficult to say whether 
we think before we speak, or speak before we think. Most public 
speakers have had the experience, sometime, of suddenly watching 
or hearing themselves speak, as if their words had a momentum or 
flow of their own, and their thoughts were being dragged along in 
tlieir train. Words have indeed a momentum of their own, as 
thoughts have. Just as the process of writing by hand is too slow 
for some people, whose thoughts come out tumbling one over the 
other, and writing becomes irksome, a drag on thought, so indeed 
speech may on occasion be ill adapted to its purpose. Any one who 
has attempted to explain a complicated issue in a tongue with which 
he is not too familiar will know exactly where the difficulty lies. 

“Do you really mean what you say?” someone asks, 

“If s very difficult to explain,” you reply. “It’s very difficult to 
find words to express exactly what I have in mind.” 

There in a nutshell is the crucial difficulty in language, the problem 
of finding the exact words to fit to objects, images and processes, 
whether they be of a physical, emotional, or mental nature. 

It is sometimes remarked by educationists that any one who can- 
not explain his meaning does not himself understand what he has to 
say. This is a hard saying, for it implies that understanding can come 
only with the translation of the thought into speech symbols. But 
it involves more than this. It impHes tliat language is a perfect instru- 
ment for tliought expression, tliat its growth constantly keeps pace 
with the gatliering experience of the race, an assertion that it would 
be difficult to support. Have we not already seen that embedded in 
any language arc innumerable fallacies and assumptions of the past, 
so liidden in its phraseology that we are frequently satisfied with 
explanations that are indeed little more than word-spinning. 

For explanation is what lies at the root of all thinking. It lies at the 
basis of all science, and as we shall see later it is also implicit in art 
Man is an explaining animal If he is not doing it to someone else he 
is doing it to himself. It is explanation in one form or another that 
connects up man with the whole of his environment, the struggle to 
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resolve puzzles and contradictions. To suppose for a moment that 
explanations must always be couched in words is to imagine that 
life is simply one colossal speech. True, if we are concerned to clear 
up (as we say) an idea, we frequently use words and their power of 
calling up mental images for this purpose. In one way everyone who 
writes a book does so. But equally you may have the how and the 
why of a certain event or a certain remark made clear by appreciating 
the feelings of the individuals concerned. To communicate these 
explanatory feeHngs I may either gesticulate if I am angry or excited, 
or I may sob if I am overcome, or I may laugh if I am hilarious. 
Even if I do explain in words, it may not be the thought, but the 
feelings concerned that are the crucial factor in the explanation. 
This I may do, for example, either through the tone of my voice — 
for instance I may shout — or I may emphasize certain words. 

Take, for example, the question: — 

“Why did you do this?'' and roar it at the top of your voice. 
Now repeat it softly and tenderly in an appealing whisper. Then 
take the same set of words and, repeating it five times, emphasize 
each word in succession with a roar and then tenderly. These are 
only a few of the ways in which the same set of five words may be 
handled to convey a whole variety of feelings and emotions and to 
direct the attention to various facets of the same issue. To suppose 
tliat the words alone tell the whole story irrespective of their emo- 
tional context is to disarm ourselves of one of the most powerful 
weapons mankind has forged for purposes of explanation. 

You may find yourself saying, for example, after a period of 
puzzlement: — 

“I know why he did it. I know exactly how he felt. I would have 
done it myself." Or: — 

“I see his reasons. I agree with him." Or: — 

“Now that explains it. You see what he is doing." 

Here then we see the possibility held out of explanations that are 
deemed satisfactory (note the word, for it expresses a feeling) being 
arrived at either by direct approach through the emotions, through 
the reason, or by action, through the visual sense. These matters we 
must appreciate if we are not to be tied hand and foot by words, if 
we are to become their master and not their servant. 
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We conclude then that in any attempt to convey thought by 
words, in all probability we cannot escape also arousing feeling and 
either stimulating to action or at any rate affecting future action. We 
could possibly go further than this. If we attempt to use words to 
arouse one of these alone we inevitably arouse also the other two in 
varying degree. Sometimes of course the others are scarcely notice- 
able. It is supposed to be the sign of a good soldier that he will obey 
a command without question (that is, without thought), and 
unflinchingly (that is, without feeling), and there is no doubt that 
the drill-sergeant’s method has very frequently been highly success- 
ful. He is the past master in the science of the conditioned reflex. 
After a few weeks’ military training '‘’Shun” invariably produces 
its desired reaction on the recruit, unaccompanied to any perceptible 
extent by either of the other two components. 

And now we can pass to the next point. Normal language itself 
is not likely to be adequate for the conveying of certain precise ideas. 
It is for this reason that the chemist, the mathematician, the physicist, 
the biologist, tlie engineer, and the medical man, all find themselves 
compelled to devise special terms to represent the peculiar processes 
with which they have to deal. Scientific jargon arises from the 
inadequacy of ordinary language to provide precision in thought 
and action. 

It must not be assumed, however, that it is only in the orthodox 
sciences that it is necessary to create a “jargon.” All forms of precise 
tliinking tend to suffer from the looseness of ordinary speech. 
Modem philosophical writers, e.g., those who call themselves logical 
positivists, have come to recognize the importance of devising a 
separate form of language in terms of which philosopliical issues can 
be discussed, and properly phrased, without ambiguity. This is all to 
the good, but even so it has to be remembered that in the very 
process of defining their terms and setting up their new language, 
their explanations have to be couched in terms of the ordinary 
tongue. There is no escape from the natural language that human 
beings have evolved in their social hfe, but the logical positivists 
have made a distinct contribution in the fact that they have shown 
how that evolution can be pushed one stage further by conscious 
planning, as it were. 
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It is worth while at this stage mentioning a further contribution 
made from that school. They have given great thought to the 
problem of how precisely to formulate a question, and what type 
of question is sensible. In this respect they have drawn on the experi- 
ence of science. We can illustrate it with a simple case: when we 
ask “Is the universe real?” it can be contended that this is a fictitious 
question because there is no method of giving meaning to the 
opposite, namely, the unreahty of the universe. The logical posi- 
tivists would maintain that much of the discussion that has centred 
in the past around the reaHty of the universe, or otherwise, has dealt 
with a false issue. While one cannot but agree to this argument, the 
impHcation that it was miimportant to discuss the issue is itself false. 
When such matters have been raised in the past tliis has occurred 
because historically it was on such a matter that the struggle between 
certain schools of thought was focused. If the broad issues that 
separated these schools were of importance in the development of 
thought, and of the theory of human action, then it was essential 
even to discuss what appears now to be fundamentally a question 
of a metaphysical nature — viz., one that could not be decided by 
physical means that did not thereby beg the question. Even today 
the matter is of importance. In the realm of mathematical science, 
in which tremendous strides have been made in the mathematical 
explanation of many natural phenomena, there are outstanding 
scientists who maintain that the thought processes of the mathema- 
tician suiEce in themselves, without contact with any external 
reality, to answer all scientific questions that can be raised. To them, 
therefore, the universe is a pure thought, and in this confusion it is 
a short step to assert that this universe of thought exists only in the 
mind of a supreme being who is himself a pure mathematician. 
Because at this historical juncture such a type of confused thinking 
can be published, and accepted by large masses of people, who 
naturally talk in the common language and not in that of the logical 
positivists, it is essential to accept the issue of the physical reaHty, or 
otherwise, of the universe, as one that requires examination and 
answering. 

The language of science is one of ideas and of practice. Feeling 
finds little place in it. A musical notation on the other hand is a 
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language for the issuing of instructions how to act towards a musical 
instrument, including the throat in singing, and for the arousing of 
certain feelings. It is only in a subsidiary sense a language of ideas. 
Many people who cannot sing or perform on a musical instrument 
enjoy reading music. Like poetry it is an ''emotive’’ language to 
them. Scientific language is primarily "referential.” 

Once more we see how it follows from all this that any attempt 
we make to test whether a statement has "sunk home,” to test 
whether the words have conveyed the meaning intended, is invari- 
ably by a study of the behaviour and actions of the person. Which- 
ever way we turn in this matter, therefore, we appear to be con- 
fronted with the difficulty that never do we seem to encounter "pure 
thought” by itself but always in some degree in association with 
these other elements. That does not imply that we cannot follow 
the changes through which thought processes go, but rather that we 
will make a serious mistake if we assume they are a set of self- 
existent independent steps. Thoughts are processes that take place in 
the brains of sentient active people. They have to be seen in their 
human context. 

What applies to thought in the human context appHes equally as 
we have seen to the human being in the social context. 

What applies to human beings in the social context, and to thought 
in the human context, applies also to language in the human and 
social context. If we ignore this we may find ourselves easily 
involved in argument with ourselves on foolish pliilosopliical issues. 
Take the solipsist, for example, in his relation to language. He main- 
tains that since all of which he is really aware are his sense data, he 
has no reason to assume the existence of any world outside that of 
his own mind. His senses ^d his feelings are the only reality. All 
else including you and me and the rest of the universe, past and 
present, are simply creations of his own imagination. This would 
not matter at all if he were content to behave as if this were so, but 
almost invariably he is a very argumentative fellow anxious to con- 
vince others that he is right. It is, of course, difficult to see what it 
will avail him to convince these others that they are, after all, only 
his sense data; but notice, please, that in attempting to argue his case 
he makes use of language and illustrations drawn from the common 



THINKING ABOUT SPEECH 475 

Speech, words that have a meaning only on the assumption that the 
words he is using refer to objects that exist both for him and the 
rest of society. His very phraseology denies the conclusions he seeks 
to establish. It is all a stupid confusion. Man cannot jump out of his 
own skin. He has grown up in a social environment where the 
existence of the objective world has been involved by the mere fact 
of the structure and growth of the language he uses, and by the 
practice he and his ancestors have carried through, in building up 
that social life and evolving that language. He ought not even to use 
such a simple word as is, A solipsist if he insists on remaining logical, 
and he always appeals to logic as his test of truth, without inquiring 
what is the test of the truth of his logic, must develop a language of 
his own — one he cannot share with those others who imagine they 
exist. It cannot be a social tongue. It cannot refer to objects as if 
they existed for us all, or as if they existed independently at all. It 
cannot appeal to the reason of his hearers since the hearers do not 
exist independently of him and they can have no independent 
reason to appeal to. He can only convince himself, and that he need 
not do. He is already convinced. He can argue only with himself, 
and he can adduce no evidence either rational or material. There 
could be no meaning to rationahty other than what he himself held 
was rational. All this crazy philosophy arises not only from divorcing 
the individual in thought from the social background in which he 
plays a role, but, important for us, in divorcing language from its 
historical, social and material setting. These all involve each other. 
They could not be what they are without each other. Each has to 
be seen against the background of the other. 

We can see the danger of a similar sort of false isolation when we 
come to examine the detailed structure of language especially in 
relation to the meaning it is intended to convey. We must not 
imagine, for example, that each word carries its unique interpreta- 
tion about with it— one word, one meaning, as it were. A good 
dictionary will soon disillusion any one of that. Take, for example, 
the phrases: '‘Well, really, you're a beauty, to do a stupid thing like 
that." "I spent a beautiful evening last night." "The beauty of doing 
it this way is that," etc. "Truth, beauty and goodness, the three 
absolutes." "What a beautiful" sound, sight, smell, taste, sensation, 
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thought, proof, argument, trick, etc., etc. It becomes a platitude to 
say that the interpretation of a word depends on its context. Every 
expert politician knows that the way to cause discomfiture in his 
opponent is to drag his sentences about in this way. A new context 
suggests a new interpretation. Nor is the context necessarily a verbal 
one. Speech is uttered by human beings, and different individuals 
making the same sounds most certainly stimulate in their hearers 
different interpretations. When the Conservative leader of a modem 
State says: “We must all be Socialists now,” we do not confuse his 
meaning with that conveyed to us when the same words are uttered 
to us by the leader of the Communist Party. We wait quietly for the 
qualifications, the rest of the context that makes the statement con- 
sistent with our view of him as a Conservative leader. There is, 
therefore, also a speaker’s and a hearer’s context. The same speaker, 
if he were unknown to his hearers, making this same statement to a 
meeting of Conservatives would certainly convey a different inter- 
pretation from that conveyed should his listeners be Communists. 
We commit a crime against clear thought if we drag words or 
sentences from any one of these settings. 

Finally, words have a social class context. I am not referring to the 
fact that different strata of society are prone to use their own 
peculiar slang; that, in a sense, is an extension of language, although 
it brings out the fact that the spread of language is not uniform 
from class to class. Take, however, such words as: strike, hard-up, 
wages, salary, poverty, work, holiday, accident, culture, art, Htera- 

ture, science, macliinery, sport All these wordscan with varying 

frequency be found in the language of all classes. Now just as the 
word football is differently interpreted and differently charged emo- 
tionally accordingly as the individual is a participant, an enthusiastic 
onlooker, or simply bored by it, so with such words as strike, 
hard-up, wages, poverty. The background of experience from wliich 
the meaning of these words is drawn, differs profoundly from one 
class to another. Think what the term: “A shilHng increase” means 
to you personally, and compare its importance to members of 
another class, and the contrast becomes obvious. The varying 
emotional content of words common to all classes is one of the 
most delicate measuring rods for distinguishing class differences. 



CHAPTER FOUR 


THOUGHTS— THINGS— SIGNS 

W E SAW IN the last chapter how necessary it is to remain 
aware of “context,” both in the thinker himself and in the 
language he uses to communicate his thoughts. When these thoughts 
are concerned with the realities of the world we live in, the language 
in which they are expressed, then, must bear a direct relation to such 
reahties, else we may find ourselves talking about fictions, ideas 
without objective reference. For reason changes to unreason when 
fact is confused with fantasy. 

Let us examine this matter in detail. I hear the word table uttered. 
It is a sound, a sign, a symbol. A certain picture or image comes to 
my mind. I recognize it as a something that falls within my experi- 
ence. There is an idea aroused with the sound, a certain thought 
process is evoked or stimulated in me by the use of the word. So 
far, then, there is the sign or symbol in the first place; secondly, 
there is the idea. How do I come to form the idea of a table? Clearly 
from my past experience of real tables. Personally, I always think of 
a kitchen table, but others may imagine sometliing much more 
elaborate. Without the experience of a real table to provide the con- 
tent for the imagination die idea could not be brought to a focus. 
There must be some real thing or some object or some process that 
is thought about. We do not form thoughts out of nothingness. 
We compose our thoughts out of reahties. We are therefore led to 
recognize that in a situation of the type considered there are the 
three essential elements : — 

(1) Word or symbol. 

(2) Idea or thought. 

(3) Object or objective process. 

We have approached this trinity by supposing that die uttering 
of the word has aroused the idea. But the idea may have been 
aroused in some other way — ^it might be the sight of a table, the 
odour of cooking, and so on. However it is aroused, these three 
elements are necessarily involved in the resulting situation. That is 
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the bare bones of it all. Instead of having an object, suppose we have 
a quality of an object. Take' the word red, for Instance. It describes 
a quality of a poppy, of blood, of a ruby, of a sunset. It immediately 
calls up a certain picture or image, an idea, or a feeling, or an idea 
accompanied by a feeling. This image has been evoked in the past 
from such objects as I have mentioned. In all cases there did exist 
this objective reality, this something from a quahty of which the 
idea is drawn and to which the word is attached. Again there is the 
word, die idea, and the actual quality of the actual object. 

Now let us proceed a stage further. Take the word redness. An 
idea certainly corresponds to it . . . the idea “being red.'’ It is a noun, 
not an adjective. Is there an object, a something that is “redness”? 
Clearly there is no such object, nor is it a process. There is simply 
the idea. Then how are we to complete our triad? What physical 
state of affairs, what stimtilus, has aroused the idea? That is the ques- 
tion we are endeavouring to answer. Surely the same stimulus as 
aroused the idea in the adjective red—fxom red objects. It is simply 
a noun that says the same as before, a red quality exists, or red 
quahties exist, an invented word to represent a series of reds — the 
red quality of a series of objects. It is a fiction if it suggests a redness 
exists. Now, do not let us become confused. We are not asserting 
that the idea of redness does not exist. It does; but it is the idea in 
our head and not a “redness” outside. We could therefore form our 
triad from this, provided we have a word to stand for “the idea of 
redness,” which is now the “object,” we are considering. Call this 
mental process, say, by the name X. Then X is the symbol for an 
actual idea, viz., the idea of redness. As we discuss tliis we have 
thoughts about this idea. Thus we can now make our triad as 
follows : — 

(1) Symbol X. (2) Thought about “idea of redness.”* (3) Idea 
of redness. 

The point simply is that we can have real thoughts about fictions. 
The confusion we must avoid lies in assuming that because our 
thoughts are real, so also is the “object” of our thoughts. 

When a fiction of this nature is analysed it is always found to be 
composed of parts that are drawn from reality. We can imagine 
angels, although we have never seen angels. We have, however, 
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seen real bodies and real wings. An angel, in the way in which it is 
conventionally pictured or sculptured, and if the word is not taken 
to refer simply to the sculptured piece, is therefore a fiction although 
its separate parts are drawn from real enough situations. Fiction is 
the correct word for this, for all good fiction draws its strength 
from real sources. 

The triadic analysis has exposed some of the dangers that lurk in 
the word. Unless we had made this analysis we might have been 
tempted even further into error. It is an easy but false step from the 
word redness, for instance, and the idea associated with the word to 
refer to a principle of redness running throughout all red objects. 
Thus, in referring to it as a principle we tend to erect it into a special 
thing by itself, thereby granting to it a sort of independent status to 
which it is not entitled. 

Language is pitted with traps of this sort. The danger consists in 
conceding to the idea associated with an abstract noun, some inde- 
pendent objective existence and erecting it into a principle. This can 
be seen even more acutely if we take such an adjective as good, in 
the moral sense. “So-and-so,’’ we say, “is a good man,” and any one 
of us may form for himself the triad: word, idea and object, to 
which refers. For each of us the triad is complete. Two dangers 
now face us. You and I, in the first place, may not agree about the 
meaning of good. The difference in our meaning would show itself 
in our actions, for we may not agree about applying this adjective 
to the same object or individual. We test it in practice. We may 
value or judge the individual’s behaviour differently. How that 
arises we shall have to examine later. For the moment it suffices to 
realize that we may all attach different values to the same element 
in a situation. Thus we see that the triad, even when it is completed, 
is not unique. It is not the same for us all. Nor does this finish the 
business. 

In the second place we may fall into the same fallacy as before, 
and using the abstract noun goodness invent an independently exist- 
ing entity, as if goodness existed “out there” as a principle in nature. 
Please note again that this in no way denies what is a fact, viz., that 
each of us has an idea “goodness.” What it does do is to underline 
its dependence on each of us individually. For the word good from 
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which the notion is derived has itself a different status either from 
the word table or the word red, both of which are universally 
accepted descriptions of something objective, while good is a much 
more personal description of something objective. 

Let us now turn to a more purely scientific illustration. The 
scientific conception of heat. As before, we begin with the adjective 
hot Corresponding to this word there is an idea associated with the 
sensation. This we derive from objects that convey this sensation to 
us when we touch them. The triad is complete . . . word, idea and 
object. Now consider heat. Scientists find themselves talking of 
heat passing from one body to another. There is supposed to be a 
unit of heat called a calorie which is the amount of heat that will 
raise a cubic centimetre of water through one degree centigrade. 
This simply helps us to express one ‘‘quantity’' of heat in terms of 
another, and does not get us any farther in our search for a precise 
thing called heat. What is this heat that “flows” from one body to 
another? What is this thing whose quantity or amount we think we 
can measure? The special term heat, and the use of such metaphors 
as “the flow of heat” convey to us the impression that it is something 
of the nature of a liquid which flows continuously dirough the 
interstices of the body, without increasing its weight but merely 
making it feel hotter. What is this subtle heat that weighs nothing, 
is invisible and is odourless, but whose presence is detected by a 
sensation that a body is hot? Admittedly the notion that it flows or 
is conducted through a body, and that there is a certain “amount” 
of heat present is a very useful one to science, but many fictions are 
useful to science. A scientific fiction is usually an analogy that assists 
the imagination so that the grouping of ideas may be more easily 
performed. It is a scientific convenience provided it is not overdone, 
otherwise it becomes a drag on thought. For many purposes, for 
instance a mirror adjacent to a lighted candle, may be replaced by a 
fictitious candle situated an equal distance behind the position of the 
mirror; but not for all purposes. Is heat such a fiction? Scientific 
textbooks will tell you that “heat is a mode of motion,” or “heat 
arises from the agitation of tlie molecules of the substance,” or “heat 
is a form of energy,” aU of which goes to show that in point of fact 
there is no such independent “diing” as heat, but that it is simply a 
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convenient form of expression to say that a body is passing through 
a certain process, its molecules have reached a certain pitch of agita- 
tional motion, and that when we put our hand on such a body the 
impact of the moving molecules against the hand produces in us the 
sensation of hot Heat, therefore, refers to a process that is going on, 
a changing quality of the body, and does not have an independent 
existence, flowing here and there. That is a fiction encouraged by 
the separate term heat. Actually, of course, it is a very valuable idea, 
but the fact that it is valuable as an aid to the imagination does not 
grant it this independent status. 

We can state our point in this way. Language may be ‘"referential”; 
that is to say, the words may be used as symbols to point out some 
actual object or some actual process that is going on among objects. 
In using them in this way we may say that the words “refer” to the 
object or process. Sometimes, however, they are referential in a 
secondary way. They do in fact refer to an actual process, but their 
form suggests that they refer to some super-entity standing over and 
above that process. Heat actually refers to the process of agitation of 
the elementary parts of the body, but it is used as if it referred to 
some subtle fluid substance that made things hot. Very much the 
same point is involved in the use of such terms as justice and good- 
ness. Where the difference lies is in the fact that heat is referential in 
the objectively scientific sense, in the sense that all people can accept 
and recognize the real state of affairs to which it refers, whereas 
justice is referential in the subjective or personal sense in that indi- 
viduals may differ profoundly concerning what may or may not be 
called “just” actions. 

Language is not however always referential only. The ideal of 
scientific language is to be only referential. If, however, I use the 
phrase: “Look at that dirty cad,” not only is the term “dirty cad” 
referential, but it involves a personal judgment, stated in a form that 
arouses one’s feelings. It is emotive. My purpose is, then, not only 
referential, for I am striving to arouse adverse feelings, dislike, the 
very factor that scientists strive to exclude from their investigations. 
In one sense the scientific ideal is definitely unattainable. Its language 
has to be understood. The reference has to be “taken” by human 
beings. It has not only to be perceived but valued among other 



THINKING 


482 

references, and therefore it has to be felt. Even the most ‘‘abstract” 
science has to carry conviction; and being convinced of a truth is 
not simply an intellectual process, it is also emotional. For its pur- 
pose, nevertheless, the scientific ideal in language is of fundamental 
importance. 

In carrying through this triadic analysis we have been carrying 
tlirough a process of thinking, but by putting the signs or word 
symbols alongside each other in this triangular way we have been 
making a more definite and precise picture of the relation of the 
component parts one to the other, so that we may see what they 
signify. We have been interpreting these signs to ourselves. Think- 
ing involves using and interpreting signs. If I write or if I say “It is 
raining,” what I write or say is interpreted by you in terms of certain 
climatic processes. This is quite evident in the example here given. 
We become so used to finding the interpretation to our words in 
the physical world in this way that we tend to accept all forms of 
expression as if tliis kind of interpretation were always possible. 

In a sense the words develop momentum of their own, and we 
drag along in their train fooling ourselves that we are indeed think- 
ing. We can check our phrases at any moment by demanding their 
interpretation. Now, there are very many fields of study where the 
objects of thought are not at first sight material objects or qualities 
of such objects or even ideas themselves. Words may themselves 
become the object of thought. If written, they exist as actual black 
marks on a sheet of paper. If spoken, they exist as sound waves. 

In this way we may study the structure of sentences, i.e., grammar; 
or the history of words, i.e., philology; or the structure of languages, 
i.e., linguistics. Study involves interpretation, and in all these cases 
the interpretation is in terms of the something objectively existent, 
and can therefore legitimately be placed on our triangle. The field 
of interpretation must exist objectively. 

We are now ready to raise a problem that may appear at first sight 
to contradict much that we have already asserted. Take the word 
table again. Are we really referring to a definite object? If so, which 
table? No special table, of course. I have already said that I almost 
invariably think of a kitchen table, but even then, as far as I am 
aware, it is not any special one. If so, am I entitled to say that the 
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reference is really to an existing object? There may not be a table in 
existence of the kind I have in mind. Let us try with another word, 
a scientific term again, an atom of hydrogen. The modern physicist 
or chemist will give you a very concise picture of the structure of 
an atom of hydrogen showing its electrical composition, and the 
detailed arrangements of these electric charges. In any triadic repre- 
sentation, which atom of hydrogen is being referred to? Any atom 
of hydrogen, you may say, it does not matter which. But are all 
atoms of hydrogen the same? If two atoms of hydrogen were placed 
side by side, would they be identical? Evidently we could not expect 
this. To begin with, they occupy different positions in space and 
they have been jostled about in different ways so that if their parts 
are in vibration or in motion in any way we might reasonably 
expect to find differences. After all, it is only a few years ago that 
we were under the impression that all atoms of chlorine were the 
same, but we have learnt now that there are various kinds of chlorine 
atom. We also know there are various kinds of hydrogen. When 
we use the words hydrogen atom to what are we referring? Do these 
words not refer to real objects at all? Of course they do. There are 
real objects called tables, and hydrogen is a real gas with real atoms. 
Then to what would the term hydrogen atom refer in our triangular 
analysis? Let us see. 

Any particular object has a whole mass of qualities, its shape, its 
colour, its speed, its flexibiHty, its fluidity, or its rigidity, and so on. 
If we are not interested in any other quaHty but that object’s colour, 
and if with a series of other objects we are also interested only in its 
colour and in each case for the purpose in hand, we find by trial that 
we do not require to go beyond the colour, we must say that, for 
the purpose in hand, the objects are identical if diey all have colours 
that are indistinguishable by test. That is the answer to the whole 
question. When we say table we are talking about any particular one 
of a series that for the purposes in hand are indistinguishable. The 
same thing applies to hydrogen atom. For the purpose in hand we 
need not distinguish between one atom and another. All we need 
are the particular characteristics that enable us to group gases as 
‘‘hydrogen” and “other gases.” 

In this discussion we have, however, introduced a new factor. We 
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have had to qualify our statements with the phrase ‘‘for the purpose 
in hand/’ Associated with this purpose arose a particular “interest,” 
and that interest showed itself in selecting or isolating one quality 
out of the complex situation that faced us. We sought to fulfil this 
purpose by applying a process of selection. Note particularly that 
in introducing purpose and interest in this way we have begun to 
connect up our triangular analysis with the setting in which it is used 
in practice, i.e,, with the active process of thinking. 

Two other points must be seized on. In the first place we see that 
the group relationship symbol, idea, and object is not simply a 
self-contained stage, a static step in the analysis, but is connected 
with a process of movement of ideas or thinking, and we have our- 
selves merely separated it out because we are interested in it for a 
purpose, the purpose of recognizing a stage in thought-activity. 

The second point is that, driven on by our interest and thus select- 
ing one quahty out of a situation and linking up a whole series of 
situations because they also contain tliis quality, we have formed a 
class. This is how the idea of classes is formed in practice. Every 
time we isolate a characteristic in an object we make that object a 
member of a class — the class of objects that have a characteristic 
indistinguishable from that isolated. 

Let us review in a few sentences the ground we have just covered 
in order that we may see its meaning for us. We have seen the value 
of treating the terms we use to an examination by means of the 
triangle — word, thought, and object or process, if we arc to keep 
our minds clear and our thoughts straight. We have examined the 
dangers that lurk in our path if too easily we accept the word alone. 
We have turned to the object or process and we have seen how 
closely linked the particular object is with the class or classes to 
which it may belong. The class is selected by us by an examination 
of the object and by concentrating our attention on one of its charac- 
teristics. Objects that have this characteristic thus compose a class. 
It is a man-made grouping, for it is related to the purpose involved 
in selecting just tliis characteristic for study. Any thing is thus a 
particular thing, and at the same time in some respects is typical of 
a class. 

We will illustrate this matter in detail. My purpose is to explain 
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what is called the relation between the particular and the general. 

For the purposes in hand” I am interested in the piece of paper on 
which I am writing. 

It is an object in itself, ql particular object just this piece of paper. 
It is white; it belongs to the class of white objects. It is flat; it belongs 
to the class of flat objects. Its edges are straight; it belongs to the 
class of straight-edged objects. We may carry this on as long as I 
can isolate any special characteristic. For each of these classes it is 
typical. This object is both a particular entity and can serve at the 
same time as a sample, by means of which I can discriminate whether 
any other object belongs to one or more of the classes I have men- 
tioned. It unites particular and general in one. 

If it is the case that we form classes in this way by generalizing 
from the particular, can the process be reversed? Can we use the 
general to particularize? That is precisely how we do particularize. 

“What sort of a person do you mean?” I ask. 

“He has red hair,” you say, “freckles and a snub nose, rather 
undersized and knock-kneed.” Here, red hair places him in one class, 
freckles in another, snub nose in another and undersized and knock- 
kneed in two more. In one sentence we have placed him in at least 
five categories or classes. There are others. For instance, he is not 
bald. By multiplying the classes to which the object can be seen to 
belong, we gradually particularize it; but such a form of particu- 
larization may never succeed in identifying it. We may simply suc- 
ceed in finding a more and more restricted class to which it belongs. 
If at any stage, however, we are given all the members of a class, 
any one may be identified by an exliaustive enough method of cross- 
classification of the type we have considered. Where aU the members 
of a class are not given, but the classes are formed by carrying the 
samples about from object to object, as it were, the method of classi- 
fication can never succeed in fixing the object uniquely once and for 
all. Even if we were to try to do so by stating when and where it 
will be found, that is, its position in time and space, we have in the 
last resort to specify that place in terms of other objects that have 
Hkewise to be specified. Description is always relative in this sense. 

We conclude from all this that the whole story about an object 
cannot be told in terms of its general properties. It has also to be 
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particularized by pointing out the object concerning which these 
general properties hold. In the same way merely to point it out tells 
us little. As soon as we want to know anything about it, as soon 
as we begin to study it in detail, we start sorting out the various 
classes into which it falls. 

There is one way and one way only of convincing oneself that 
this is a just and accurate statement. Test it out in practice. Take any 
object near at hand and proceed to describe it. You will find that 
all your statements refer to the classes to which it belongs. And this 
is inevitable, because every common noun is itself the name of a class — 
table, man, fruit, orange, orange-peel, orange-peel colour, shade of 
orange-peel colour, etc., etc. By no possible detailed description do 
we ever get down to the particular orange we are talking about. 
The actual orange has finally to be produced — this orange — accom- 
panied by a gesture. This is not at all surprising. We have pointed 
out already that in our triangular analysis all three elements must be 
present, and the actual orange, if we are interested in it, must have 
its place on die triangle. It is the object referred to. If we talk only 
in terms of classes we can, by making any combinations of them we 
care, invent fictions, and we would never be called upon to produce 
the actual thing. Angels were a case in point. 

We began this chapter by stressing the need for becoming aware 
of context. This is precisely what we have been doing here. We 
have been trying to bring out the context in which an object has 
to be seen, that is, the various classes that cross it, meeting at the 
object; the society of other objects within which it occupies a place. 
Moreover, we have seen that it is only in relation to other processes 
and objects in the universe that its meaning for us can-become clear. 
A pail may be described as belonging to all sorts of classes; but for 
one purpose, a social purpose, it is one of the class of objects that 
are used for carrying water. Thus at one and the same time the 
object has to be seen in its social context among other objects and 
among human beings. In this sense we have to regard it as inter- 
connected with everything else, merely a fragment of a larger society, 
and it begins to have a meaning for us only when we take it as a 
sample, or as typical among these other things and compare it and 
use it for some purpose. 
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METHOD IN THINKING 

I N OUR DISCUSSION SO far we have been isolating those elements 
that are related to the problem of clear thinking in order to 
examine how far they throw any hght on die general process. This 
method of separating out the elements in a situation and studying 
their interconnexion is the first and indeed the principal step in all 
thinking. Our treatment of the subject thus serves to illustrate the 
subject itself. 

A connected train of clear thought can be seen to have a very 
simple structure. It begins with the asking of a question, and it 
finishes with a partial answer. That answer is itself the starting-point 
for the next question to be asked, and therefore begins the next 
phase of the process. Accordingly, thinking has to be seen as a pro- 
cess that proceeds in stages, where each leads to a higher level of 
understanding than that of its predecessor. To achieve clarity in 
thought we have to become conscious of the presence of tins process 
in our thinking; in so doing we acquire a surer grasp of what is 
required to guide our thinking to its objective. We become con- 
scious of the necessities of the situation. 

Now the crux of the matter is, of course, the asking and the 
answering of the question. How is the initial question to be ackfri 
and what plan is to be followed in seeking the answer? In stating 
our problem in this way we are ourselves beginning with a question. 
Now, the point to bear constantly m mind is the end in view; we 
are actually seeking an answer, and therefore the question must be 
one capable of being answered. It is no use, for example, asking if 
life exists on yet undiscovered planets. As there is no possible 
method of arriving at an answer, the question is meaningless in the 
sense that there is no meaningful process that can be followed to 
settle it. It is not a sensible question. Again take a point very fre- 
quently raised in philosophic discussion: — 

“How can you prove that the world exists?” 

Here again we see that proof, to be proof, must not presuppose 
existence. What kind of a proof can it be, therefore, that does not 
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presuppose its own existence? Accordingly by replying with the 
question, viz.; ‘‘What kind of a proof can be regarded as satis- 
factory?” We automatically expose the hollowness of the original 
question. It turns out not to be a sensible question at all, but a 
meaningless collection of words. 

Here, then, is the kernel of the matter. The question and the 
answer cannot be separated from each other. Any fool can ask a 
question, but he only who knows the answer knows also how the 
question ought to have been phrased in order to point the way to 
the correct answer. 

Does this mean, then, that we are landed in an impasse? If we 
cannot ask the question before we know the answer, how can we 
proceed? Not at all. The history of science, for example, is the story 
of rather fooHsh questions, the story of the discovery of semi- 
foohsh answers to them, the reconsideration of the question in the 
light of this answer, and so on, step by step, to and fro, until j&nally 
the scientist finds exaedy what question he should have asked in the 
first instance in order that it might have been answered sensibly. 
The answer and the checking against practice enable the question 
to be restated, reanswered and rechecked. It is a process of trial and 
error, where each error is used to direct us more surely, and each 
trial tests the improvement in our direction. 

Here we have been considering one stage within a journey in 
thinking, but notice that what we said about the journey itself applies 
apparently also to the partial stage or phase. The stage was itself not 
completed until it had passed through a series of sub-stages, of suc- 
cessive questions and answers gradually being refined by trial and 
error, until the climax is achieved. Does the answer, then, just fit 
the question, and the question just fit the answer? As we shall see, 
this is not die case. There is always at least one difficulty left over, 
and it is in the attempt to resolve these that we pass over to the 
next stage of the thinking process. 

Instead of dealing with this matter in general terms, let us try a 
case and study it. What shall I diink about? It is my interests that 
focus my thoughts; I must therefore say what I am interested in. 
War? Very weU, let it be war. 

I begin by asking myself a question. Why am I interested in war? 
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I check this question against my avowed purpose, to think of war, 
and it seems that the answer required for this kind of question may 
lead me on to talk mainly of my interests and not of war. For the 
moment I am not interested in my interests. Accordingly I don’t 
bother to pursue this question, but proceed to amend it. Thus: — 

What is it in war that interests me? 

Note the difference. I am already on my guard not to interpret 
this as an inquiry simply into my interests, but rather into war. 
Now, as it was I who suggested the topic, it is therefore I who 
must now provide the information required; I am not asking what 
attracts or repels me in war, but what it is that I am “worrying 
about.” One worries about a difficulty, and how to resolve it. Two 
facts stare each other in the face and seem to oppose each other, 
and yet they are both facts. So we worry about how to reconcile 
them. As thinkers we cannot abide two apparently contradictory 
facts without attempting to understand them. So what we mean by 
understanding appears to be finding a way of looking at both facts 
so that they are seen as consistent or natural parts of a larger back- 
ground. Understanding is resolving an opposition. I have to state what 
I am puzzling about. It is very simple. 

Why is it that a war nowadays seems to involve practically the whole 
world? 

Apparently I am comparing wars of yesterday with wars of today. 

I must bring the opposition more sharply to a focus. Consider the 
facts. A war of, say, three hundred years ago, was simply an affair 
between two small contending armies, pitched battles in a field, and 
the great mass of the population went its way without much dis- 
turbance, visitors passing easily from one warring country to 
another. Nowadays the whole nation is involved, contending coun- 
tries are isolated one from the other, and it appears to have become 
almost impossible to localize a conflict so that other countries do not 
get dragged in. These are my opposites and my query becomes: 
How exactly has this happened? 

We have it now in focus. We have taken a long time to come to 
the point, but that is because most of us take these early stages 
quickly. We can do so if we isolate the contradictory factors and . 
state them side by side. Nevertheless since we expect that this 
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discussion will finish up with a final question that will lead on to 
the next stage of the train of thought, wc cannot be too careful in 
phrasing our queries* The more careful we are, the sooner will we 
reach our conclusion. 

At this point of the discussion we have to beware of leading our- 
selves on a side issue by the lure of words. 

Does the contradiction not arise, I question myself, because I 
insist on using the word ti^ar for what is in reality something quite 
different, viz., Armageddonl Very well, I will, if necessary, phrase 
the question thus: — 

''Why have wars changed into Armageddon?'' 

I have silenced the word-monger and I am grateful to him because 
I have now a shorter and more sharply contrasted way of asking my 
question. 

Now what kind of answer do I want? What type of answer will 
seem satisfactory to me. I had better look at war and at Armageddon, 
as we are calling it, to see exactly where the differences lie. Suddenly 
another idea intrudes: — 

“It simply didn’t occur to the combatants to make wars on such 
a large scale in earlier times” — ^is a possible answer. This is unsatis- 
factory, however, because I would want to know why it never 
occurred to them. In any case they hadn’t sufficient men and they 
hadn’t sufficient war material. And while we are following that Hne, 
could they have fed more soldiers and moved them about over long 
distances? What about their transport facilities? What about their 
opportunities for finding out where the enemy was; and, again, 
what about their methods of fighting? I may not have been satisfied 
with this answer, but it is useful, for as soon as it is posed a whole 
volley of counter-arguments and extra difficulties arc automatically 
fired out to expose the folly of the answer. Against the argument 
we place a set of counter arguments in the form of facts and possible 
facts that we ought to examine. 

I can now state with slightly more definiteness the kind of answer 
that will satisfy me, and if I can only do this carefully I will have 
got a stage further in the analysis. 

“The answer that will satisfy me,” I reply — and here I must be 
cautious because it has just struck me that there may not be one 
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simple answer — ‘‘will be one that shows, for example, that increased 
scale of wars and battles became possible and inevitable as a result of 
other changes; for instance, the invention of new war materials in a 
very wide sense.” 

Here, at any rate, we have something positive to test. Let us check 
the suggestion contained in this, against the facts. We begin to collect 
data, and to place them in contrast; war material, say, at the time 
of the English Civil War, 1645, with corresponding material at the 
time of the 1914-18 world war. Thus: — 

Muskets with a rough range of a few hundred yards and inaccurate 
in aim, compared with modern rifles and their deadly accuracy at 
a range of a mile. Cannon, firing balls that bounced along the ground 
in the hope of doing damage by direct impact at a distance of less 
than half a mile; against the modem “Big Bertha” and long-range 
cannon, firing from a distance of fifty miles if necessary. 

Swords and lances; against poison gas, flame throwers, trench 
mortars, aircraft, aerial bombs, high explosive and poison gas shells, 
tanks, machine guns. 

Messengers on foot and horseback; against observation balloons, 
aerial recoimaissance, telephones, telegraphs, and wireless. 

The beleaguering of a town by a small army of men; as against 
the economic starvation of a country of the size of Germany by 
warships, submarines and sea mines. 

These are a few of the vital material differences that immediately 
suggest tliemselves as soon as the two types of war are contrasted. 
Other features, such as tactics and strategy, also are different, and the 
question why they are different is at once explained in terms of these 
same material factors. For example, the Napoleonic Wars were con- 
ducted in massed formation by soldiers in distinctive coloured 
uniforms. We have to compare this with soldiers in khaki or dull 
grey to render tliem as indistinct as possible against the accurate fire 
of rifles; scattered formation to diminish the effect of shell fire; and 
trench warfare to the same end* To each new technical development 
in attack, a new technical development in defence. With the invention 
of poison gas came the defence of gas masks. With the invention of 
bombs and shell fire of the high explosive type came the counter 
defence of dug-outs and bomb-proof shelters. To each deadly ques- 
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tion its answer. Again we contrast the commissariat. In earlier days 
the slow transport of food, ammunition and equipment by horses 
and the ransacking of towns for food, has to be compared with the 
carrying of these things by motor transport, by aeroplane, and by 
sea in fast ships, providing tinned meat, bottled fruits and jams, 
drugs, and hospital equipment. Thus a higlily efficient factory system 
and modern mechanical methods in industry have now made it 
possible to produce shells, rifles, guns, bombs, and other forms of 
munitions (including foodstuffs) in enormous quantities. 

Our answer seems now clear. It has followed from the facts as 
soon as our questions and the prehminary answers suggested just 
what kind of facts to look for. The difference in the scale of modem 
warfare compared with that of three hundred years ago appears to 
lie in the change that has occurred in the industrial capacity of the 
countries concerned and in the large degree of mechanization that is 
associated with it. This is putting it shortly. We have now at least 
a partial answer to the query: — 

Why have wars changed into Armageddon? 

Because of the new possibilities opened up by the machine age for 
waging war, in virtue of the grand scale of modem industrial organi- 
zation; and remembering that war seems to be the only activity in 
which science is used to its fullest extent, we realize that all these 
death-dealing inventions are brought into use because neither side 
dare risk losing any advantage. It should now be possible, if we cared 
to do so, to construct a series of pictures in ascending scales by taking 
the successive wars of history and relating their magnitude and 
intensity to the technical weapons of destruction and defence at each 
period; and associating these again with the stages of industrial 
development. More tlian this, we should be able to see how tactics 
and strategy have been forced continually to readjust themselves as 
the technique of destruction has transformed the problem from one 
stage to the next. 

Have we finished the first stage of our venture? 

Not quite. There stiU remains a part of the question unanswered. 

Why do wars become world-wide? 

The answer we have found so far, satisfactory as it appears for one 
portion of our dilemma, leaves anotlier part still open. We can still 
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envisage two nations carrying on a large-scale war alone, without 
other nations interesting themselves in it. Yet it is a commonplace 
of recent history that there is a tendency for other nations to be 
dragged in. We are still left with a contraiction to be resolved, but 
we raise it now with a newer understanding of the crucial factors in 
the situation and a new-born sense that we can deal with it. Once 
more, therefore, we give a tentative answer, suggested by that just 
found: — 

“Other nations become involved because these other nations or 
groups in them are intimately concerned in the technical and industrial 
organization inside the warring countries.” 

We can now proceed to examine this tentative answer just as we 
did in the previous case.. We collect data and check and amend the 
statement in the hght of these facts. Out of our previous analysis 
there is left this partial contradiction, tliis unresolved puzzle. It 
becomes now the starting-point for the next stage, but it becomes a 
problem whose aspects are already illumined by the conclusions of 
the previous stage. We enter it already with greater understanding 
than we possessed when the original problem was posed. 

For our purpose, therefore, it is unnecessary to pursue this partic- 
ular topic any further. It has been chosen at random as an illustration 
only, and it remains for us to draw our conclusions as regards the 
accuracy or otherwise of the process of thinking we outlined in the 
earlier pages of this chapter. We would be rash if we attempted to 
maintain that the argument developed above was, in all senses, 
logically unassailable and accurate to the last detail. We have been 
dealing with a broad subject, posing a question at a certain general 
level of understanding and explanation, and we have dealt with it at 
that level. Innumerable detailed questions can be raised in connexion 
with each one of the separate items — ^for example, those mentioned 
as modem technical developments — ^but the conclusions arrived at 
provide for us a background, and a set of guiding lines, for further 
extension to the next phase, or for more detailed study of this one. 

Let us review once more the saHent features of the method we have 
followed in this chapter. 

1. Our interest focuses our attention on a problem. 

2. A problem appears to be a situation in which two ideas or two 
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or more facts, accurately verified, when interpreted stand in oppo- 
sition or in contradiction. 

3. The issue raised is stated as carefully as possible in the form of a 
question, 

4. The question is examined to ascertain that, in the form in which 
it is couched, it is sensible; i.e., it is answerable. 

5. A counter question is posed, “What kind or class of answer is 
expected?*’ 

6. This enables a tentative answer to be posed. 

7. The examination of this answer, alongside the available data, 
shows that it is deficient in certain respects. 

8. This deficiency allows a new question to be posed. 

9. Tliis suggests the accumulation of new data and allows a new 
tentative answer to be suggested. 

And so it proceeds. 

At any stage we may stop to reconsider the steps taken earlier, in 
the light of the later development. Finally, there emerges a viewpoint, 
a reconciling interpretation, that unifies the apparent contradictions. 

It is worth while examining tliis process in further detail so that 
we may become conscious of what is involved in some of the steps. 
We notice, in the first place, how necessary it was to recast the 
question as originally posed, otherwise we would, if we had remained 
true to its form, set off on a search for the factors that aroused an 
interest in war, rather than in the problem of war itself. Here, then, 
we were striving to adjust the phrases to the precise ideas, a process 
analogous to what we have already indicated in the chapter dealing 
with words, ideas and objects. It is, in fact, an extension of that pro- 
cess. Here we have three elements in the situation: There is, first die 
proposition or question, the actual words used. There is, secondly, 
an actual situation, a changing process to which the words relate in 
detail. There is, thirdly, the idea conveyed by the proposition or 
question about the situation. If we set it down in this way: — 
Proposition Meaning of Data 

OT " Proposition ^ or 

Question or Question Situation 

we can trace the sequence of thought by watching the changes made 
in each of these factors as we proceed. We began with a question. 
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and compared its meaning with that intended. This forced us to alter 
it. We compared this with the facts as we know them, and this 
compelled us to alter the meaning we could give to the problem. 
Accordingly, we were then driven to readjust the statement of the 
question to correspond to this meaning, until finally we reached a 
stage at which the proposition suggested by the question and the 
meaning cHcked” with the data, or at least with a considerable part 
of the data. W^e have swung backwards and forwards between pro- 
position and data in this diagram. We were then ready for the next 
stage. We begin with a new proposition relevant to that portion of 
the question still unexplained and based on the idea that had emerged 
from the previous discussion, and so on. 

I have used this word “cHcked” deliberately to describe a certain 
feeling aroused when we succeed in fitting the correct set of words to 
the meaning we intend to convey about the set of data. In this sense 
we have to recognize that thinking is not a process divorced from 
feeling. We clinch an argument with a feeling of satisfaction, and 
unless we are satisfied, it is obvious that the stage of the discussion 
has not been completed. 

We shall see in a later section of this book how aU this is related to 
what is called “the obvious” and to “logical thinking,” but for the 
moment we should realize that we have been bringing to play some- 
thing more than the mere checking or comparing of one thing with 
another, or of an idea of a thing with the thing itself, or of two ideas. 
We are continually making inferences or “seeing” impHcations We 
see that b is a necessity of a, or a implies b, or A involves b, and in 
the seeing of it we are driven through the obvious to the next stage. 
In doing this we are sensing something, experiencing something, and 
applying a power of recognition and discrimination similar to what 
we are accustomed to do with our eyes, ears, tongue and fingers. It 
is because we do not usually think of the brain in this way as also a 
sense organ that we have no special terms in which to express this 
process. So we borrow metaphors like “seeing” and “feeling” and 
clicking. 

There is yet another aspect of this question to which attention must 
be directed at tliis stage, although we shall deal with it also in greater 
detail in tlie next chapter. In very general terms I have described a 



THINKING 


496 

process of mental behaviour, and exemplified it in a particular case. 
Does this estabhsh its generality? How can I tell that other people 
can also think in this way? Actually, I do not put it forward as a 
necessarily accurate description of how everyone thinks, but it is a 
method that everyone can try out for himself As wc shall sec, the 
significant feature of a general law is not its unrestricted truth in some 
static everlasting sense, but the possibihty of its being used in a wide 
variety of new cases. 

It would seem desirable to conclude this chapter by giving some 
short indication of the method adopted by scientific men in their 
specialist thinking. I have restricted myself to their specialist thoughts 
because it can hardly be maintained that outside these spheres they 
necessarily carry forward the procedure with equal rigour. 

Here the same general plan can easily be seen. We may represent 
it diagrammatically as follows: — 

Scientific Theory of Experimental 

Law ^ Process ^ Data 

It is impossible to say where a scientist begins. His data, for example, 
are not only what he has himself found, but the accumulated data of 
other experimenters in the same and allied fields. A collection of this 
data is brought together. The principles that guide him in the choice 
of what is and what is not relevant are referred to in the next chapter. 
In bringing them together he is already working on a tentative theory. 
This enables him to propound a tentative law. Once tliis is carefully 
stated, liis next objective is to test its truth by a carefully arranged 
experiment. The results — the additional data — force him to reconsider 
the theory by means of which he had grouped his data together. Thus 
he finds a more specific and perhaps more carefully worded law, and 
so on. If this is compared with what we have already set out for 
ordinary thinking we can see that there is no inherent diifFcrcnce 
between the two processes. 

There arc two minor points, however, that might be noticed. 
Almost invariably the scientific man is concerned not with general 
quaUtative statements such as we were compelled to make when 
discussing the subject of war, but with accurate statements in terms 
of measurable quantities. Vague talk is of no use to him. The second 
point is that it is rare for a theory as first outlined to rest only on the 
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evidence of the immediate data alone. There is usually a great deal of 
circumstantial evidence. The theory, for example, may be one rather 
like others that have been found successful in the past; or it may be a 
development of an already accepted one. The cogency of this can be 
seen if tve realize that were a theory to be propounded that contra- 
dicted one already well estabhshed, the facts on which the new one 
rested would in the first instance at any rate be regarded with grave 
suspicion. They would be checked and re-checked. 

Scientific thinking, scientific practice, and the precise formulation 
of laws have to be seen as three elements in a unified scheme of 
development. Science is not a set of theories, originating in the fertile 
brains of super men, not a code of physical laws handed down by a 
scientific Moses, churned out in stellar space, nor is it simply a 
laboratory textbook for the conduct of certain experiments. Science, 
like thinking in general, is a part of human history; it is the story of 
man forging an instrument to discover what can be done with the 
world. The three categories we have set out— Law, Theory, Data— 
are simply three parts of that process of making history in which all 
human beings partake. This is what is implied when some writers 
use the very expressive phrase— the unity of theory and practice. 

Now the successive stages in the development of science also bear 
a very dose relation to the detailed steps in the thinking process that 
we have been discussing. Thinking, we saw, proceeded in levels, the 
completion of one stage enabling us to pass to the next at a new level 
of understanding. Take for comparison the position in sdence fifty 
years ago, in relation to our knowledge of the structure of matter. 
Every schoolboy knows the evidence relating to the chemical com- 
bination of substances in exact proportions by weight that is used to 
justify the atomic theory of matter. From that theory a host of 
sdentific laws arose, and whole collections of data, previously unre- 
lated, were seen to fall together into a unified scheme. The Russian 
scientist Mendeleef, for example, producedhis Periodic Law, showing 
that the elements could be arranged in a systematic order in rows of 
seven according to their increasing atomic weights, and that when 
this was done all known substances of this nature fell into columns, 
natural groups or periods showing dosely similar behaviour in many 
respects. Mendeleef ’s Periodic Table may be regarded as the scientific 
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Statement or proposition summarizing all the fundamental knowledge 
on the subject up to his time. It was the end of a phase, the answer to 
a whole series of experimental queries, but it was not a complete 
answer. On examination, it disclosed a number of gaps that should 
have been occupied by elements, so far unknown, if the table were to 
be complete. 

Thus the next phase began with the questions: — 

‘‘Can these unknown elements be discovered? Do they actually 
exist? Why have they not been detected in the past?*' and the kinds 
of answers that were to be expected were immediately provided by 
the table itself. The table could tell us very nearly what their weights 
should be, whether or not they would be metals, with what kind of 
substances they would combine; i.e., whether they would easily 
form chlorides or bromides or oxides and therefore whether it was 
likely they would be discovered in Nature in the pure state, or in the 
form of such compounds. It could tell very exactly how soluble these 
compoxmds would be in various liquids. It was able to give even a 
more direct indication of where to look for them. For the properties 
of some of them, in these respects, were so like those of their neigh* 
hours vertically and horizontally in the table, that it was just possible 
that the substances classified as their neighbours were not really pure, 
but might contain some traces of the undiscovered elements because 
the experimental methods of separation had not been fine enough. 

Here, then, we see one phase or era of scientific advance closing 
with an almost comprehensive answer, out of which there was 
urgently thrown up a whole battery of questions, problems, contra- 
dictions to, or denials of, the completeness of the answer. To these 
questions the kind of answer, and where to seek it, was indicated by 
what had already been achieved in the previous phase. 

Science was immediately lifted to a new level. There followed the 
discovery of radium, uranium, polonium, etc., a series of new metals 
that were bound to possess properties of a peculiar, type because so 
far they had remained undetected. These are the so-called radio-active 
substances, and the new phase of modern sub-atomic physics had 
been set into being. Quickly in succession came the discovery of 
radio-active emanations, electrically charged particles of various 
types that were shot out from these new metals, X-rays, electrons, 
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protons, photons, neutrons. The old atomic theory that had led to 
this outburst of feverish activity in the early part of this century 
could no longer maintain, within its form, the mass of new informa- 
tion that pointed inevitably to a fine structure to the hitherto indi- 
visible atom; hence the quantum theory, the present answer to the 
innumerable queries posed since that day. At the moment it recon- 
ciles the apparent contradictions between the data on which the 
older theory of whole atoms was based and the newer knowledge that 
exposed the fact that the atom is not an indivisible whole. The theory 
is itself incomplete, but it is the present answer to the present phase. 

This has been no mere digression into the history of a particular 
epoch in science. It is a sample of the large-scale movements that 
have always taken place there. The same characteristic outlines can 
be seen at almost every stage in its history, and in any one branch. 
It is exactly analogous to the process of thought and action we have 
outlined in the case of individual thinking. 

In conclusion it is worth while noticing precisely in what way the 
passage to the higher level occurs. If we refer back to our three-fold 
categories: proposition or law — ^ideas or theories — data — we see that 
in all cases we tend to retain the ideas or tlieories and the proposition 
as long as possible, until we are driven to relinquish them by the 
accumulating data that can no longer be fitted into the propositions 
that express these ideas. The driving force comes from the data, the 
material world about us, and the struggle is to fit our ideas and our 
language to the accumulating data. Finally, the contradictions 
between the ideas and the propositions on the one hand becomes too 
great for us to remain satisfied under the gathering pressure of the 
data. Thus the struggle between the verbal and mental form, as 
against the facts or content it is striving to accommodate, becomes 
too intense. The facts gain ascendancy and the verbal and mental 
forms melt and set into a new mould. 

Individuals differ considerably in respect to their sensitiveness to 
the cogency of facts, or what is now seen to be identical, in respect 
to the tenacity with which they hold to the verbal and mental forms. 
They have various melting-points, but nevertheless it is the recogni- 
tion of this process that oiEfer us the possibility of conscious method 
in thinking of adjusting mental and verbal form to concrete reality. 

M.S.T. — 
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THINKING OF NATURAL LAW 

I N THE PRECEDING chapter we have tried to set out in simple 
terms some of the more elementary steps human beings take when 
they are thinking. My purpose in doing so was to make the taking 
of these steps a conscious action on our part, so that they may become 
objective, open to examination, criticism and refinement. It was 
intended to be not so much a description as a statement of what to 
do and how to use the method impHed in it. 

We must notice, however, that I have implied, rightly or wrongly 
that such detailed steps as I have outlined apply equally to you as to 
me. If you were able to say: “Perhaps you think in that way. It cer- 
tainly is quite meaningless to me,” it would be reasonable to assume 
that I had not described a general method, but at best a personal 
idiosyncrasy. Instead of explaining our thinking behaviour I would 
have been concerned with my thinking behaviour. 

I want to underline these two characteristics to which I have 
referred, viz., the suggested generality of the statements, and the fact 
that the statements are really offered as prescriptions for action; for 
these are the two fundamental features of what are called laws in 
science. 

A law covers a wide range of cases; it holds for a class of case. 
The law of gravitation, for example, states that every particle in tire 
universe attracts every other particle with a force depending in a 
definite way on their distances apart. Thus the law applies to the 
class called “particles of matter”; it does not apply to colours, or to 
ideas, or to thoughts. The law, properly stated, indicates the class to 
which it refers. It would apply to every particle of the table I am 
writing on, to the elements of the water that flows through the bath- 
room tap, to every particle of the sun, but not to my feelings or to 
intervals of time. 

For the class of substances called gases there is Boyle's Law, which 
asserts that the greater the pressure applied to a mass of gas, the 
smaller the volume it will occupy; tliere are corresponding laws for 
liquids, and for solids; there are laws for electrified particles, and for 
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electric currents, laws of magnetism, laws for the passage of heat, 
and for the reflection of light. Each law has a limited but at the 
same time a general application. It is limited to apply to a particular 
class, but it applies generally to every member of that class. 

That at any rate is the intention of scientific men when, after 
elaborate investigation and experiment, they finally formulate their 
law. Now we have to realize that such a study is itself simultaneously 
twofold. The scientist seeks the class to which the law is to apply, 
and seeks the law to apply to the class. The process is exactly analo- 
gous to that involved in the previous chapter where we sought a 
mutual adjustment between question and answer. Take an illustra- 
tion. We talk so ghbly, nowadays, of wireless waves, and light waves, 
and electromagnetic waves, and the speed of these waves, that we 
rarely appreciate the long and elaborate series of experiments that 
had to be carried out before it became clear that there was a some- 
thing resembling a wave with a speed at all. When you switch on 
the electric Hght is it not the most natural thing in the world to 
suppose that the illumination is everywhere in the hall instantane- 
ously? If it is dark at the other end, does the light keep on gathering 
there? Why imagine that it travels or takes time to travel? You 
switch the Hght out; isn’t it dark everywhere instantaneously? One 
tends to think of the Hght as being everywhere at once, but being 
greatest at the incandescent filament, departing and coming with 
its brilHance. 

When R5mer decided that Hght really took time to travel, that 
there was a speed of Hght, it was one of the greatest moments in the 
history of science, for he was separating out a measurable quaHty of 
the Hght, its speed, whose existence had previously not been dreamt 
of. Many years after. Hertz, by setting up an electric discharge 
in a condenser at one end of a room, and watching to see if another 
condenser placed at the opposite end also discharged itself, like- 
wise showed experimentally that electric waves passed outwards 
from the one condenser to die other with a definite speed. These 
are the wireless waves with which we have become so famiHar 
nowadays. These people were all busy showing that there was a 
quaHty in common between a whole range of dHFerent kinds of 
events, electric discharges and oscillations, and Hght, and even mag- 
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netic disturbances, so that they could be classified together in respect 
to this quahty. Clerk Maxwell, applying a theory of the composition 
of such waves, showed that they should all travel with the same 
speed, the speed of light When these speeds had been measured and 
found to be equal, we had a law applicable to a class. The law was 
to the effect that all electromagnetic waves travel with the same 
speed, viz., 186,000 miles per second. 

We see then that the first step was to seek the class to which a law 
could apply, and then to seek the exact law, if it existed. If it didn’t, 
the class would have been of no interest to scientists. They look for 
classes which behave in a unifiable and measurable way. The things 
studied have to fall into a class, and their behaviour in another class. 
Now it is worth while noticing that as a matter of fact Romer had 
already carried through this process to which I am directing atten- 
tion. When he asserted that light had a definite speed, and he 
measured its speed approximately, he was thereby already grouping 
together under one head all the modes of producing light. To him 
it was immaterial whether it was a burning taper in his hand, a 
flaming beacon on a distant hill, or the sun ninety million miles 
away. He classified them together as emitters of light, and this 
quality that he thus used to define his class could be, he asserted, the 
subject of a single statement true for all members of the class. By 
concentrating on light and the conditions under which one could 
detect it, he formed a scientific class, and by establishing a general 
statement about that class he had formulated his law. 

This he did because he had a purpose. He was interested in some- 
thing that was puzzling him, a real contradiction, the apparently 
erratic behaviour of Jupiter and its moons. According to his calcu- 
lations and observations they seemed to be getting into the wrong 
places. If these places were correct, then a whole series of other calcu- 
lations would be wrong, and a whole series of other observations 
would contradict each other. Immediately he realized that light took 
time to travel, and that by the time he saw the moons they had 
already moved to a different place, the apparent contradictions were 
resolved. The whole process literally was seen in a new light. Notice 
again that what we have stated in the last chapter as the characteristic 
of drinking, the resolving of apparent contradictions, is again fol- 
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lowed ill detail here by Romer; and has been followed in fact at 
every step in scientific progress. 

When we examine the law that all electromagnetic waves travel 
with the same speed, we notice that it appears to have been achieved 
in a comparatively simple way. The original class of occurrence 
with which Romer was concerned was that showing ‘Visible Hght.’’ 
In the later development a wider class was defined embracing this 
class but covering occurrences not previously associated with light. 
This wider definition could not of course be made until a much later 
stage in the history of science, not before a whole series of studies 
had been experimentally conducted on electric discharge and electric 
oscillation. The same law was shown however to apply to a wider 
class. That is one method of generalization. Sometimes it works in 
the opposite way. A wider law is shown to apply to the same class, 
as, for example, when Einstein propounded the tlieory of relativity 
and produced a generaHzed gravitational law. 

How can a general law ever be securely established? When we 
have a set of facts, or as they are.called data, and a general statement 
is made that purports to apply to every member, every item of the 
data, we can verify its truth in each individual case. If we have a 
group of one hundred railwaymen, and we make the general asser- 
tion that they are all colour-bhnd, in every individual case we can 
apply tests to discover, for example, whether each member of the 
group fails to distinguish between red and green. 

The general statement is possible because to test its truth we can 
turn to every member of the class. The class can be exhaustively 
tested. If, on the other hand, I make the assertion as a general propo- 
sition, or as a general law, “All railwaymen are colour-blind,"' I am 
faced with something quite different. If it asserts that all present rail- 
waymen in this and every country are colour-blind, I can dismiss 
the proposition as soon as I come across one who is not. If I find 
that all present ones are (which they are not, of course), but read 
the propositidn as implying that aU present railwaymen are colour- 
blind and all future railwaymen will be so aiSlicted, it is clear that I 
can never hope finally to establish the proposition on the same basis 
as it can be established for the restricted or enumerable group 

Now the curious point is that natural laws appear to be of this 
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kind. How can we ever show that the law of gravitation applies to 
every particle in the universe? How can we ever be sure that Boyle’s 
Law applies to every mass of gas? That all electric currents in the 
future will follow Ampere’s Law, and that heat will always pass 
from one conductor to another according to the heat laws? 

It is clear that all we have to go on arc the facts. But what are the 
facts? Now the facts are not simply a set of data which have been 
seen to fall into a class and, having been examined, satisfy the law 
as stated. That would in one sense be all the facts if we had tested 
every member of the class, but general laws in science are not very 
usable or useful when they are of this restricted nature. The key 
word in this situation is usefuL 

In seeking to establish a general law it is not simply idle curiosity 
that prompts us. To suppose that science has arisen simply as a 
result of pure inquisitiveness in man, is to misread its whole history. 
Individual scientists are of course inquisitive and interested in the 
world, just like other people, but this does not in itself give science 
a greater importance than stamp collecting. Science has been 
developed, and has come to occupy the important place it does in 
society, because it has been found socially useful, and its use lies in 
the fact that when it has discovered a general law, or supposes it has 
discovered such a thing, it tests out the truth of the law by finding 
a use for it. This it does by trying to tell in advance what will happen 
in certain circumstances. It is used in the first instance for making 
predictions. The predictions are not confined to abstract geometry 
or to celestial mechanics. They enter into every aspect of engineer- 
ing and industrial technology. Science is the modern substitute for 
prophecy. If a general law in science cannot be used for prophecy, 
it is not of much consequence. 

When we state, for example, that common salt when treated with 
sulphuric acid gives ofFhydrocUoric acid, we state it on tl)c basis of 
a large ^number of experiments directly and indirectly constructed 
to test the truth of the statement. Conviction comes with even 
greater force however when the statement is used to design an 
industrial plant to produce hydrochloric acid on a large scale; or 
when some other experiment gives a result already anticipated on 
die basis of the supposed fact about hydrochloric acid. Both the 
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theory and the practice of science are knit up on all sides with an 
interlocking mass of experiments, all depending one on the other 
and each continually being tested by practical prediction. 

This, then, is the second characteristic of a natural law to which I 
made reference in the earlier part of this chapter. First it is a law 
describing the behaviour of members of a class, and second it is a 
prescription towards action. Its generality is tested in its use. When 
therefore we say that Boyle’s Law applies to all gases, what we mean 
is that if for some purpose you have to use a gas and you are con- 
cerned with its pressure and its volume, you had better try out 
Boyle’s Law. If you have to inform pilots when they may find high 
water or low water at a particular port you tell them to look up the 
Nautical Almanack. That is the practical form in which the pilot, 
perhaps unwittingly, applies the law of gravitation. The practical 
form in which the scientist applies it, is to compile the Nautical 
Almanack on the basis of the law that the attraction of the particles 
of the sun and moon are, along with the rotation of the earth, 
responsible for the rising and falling of the tides. 

The process of passing from a statement about particular cases, to 
the general statement that a whole class of non-enumerable members 
follows (or can be examined by) the same law is usually called 
induction. 

Most books on logic present induction as a sort of illegitimate 
attempt to pass from a series of particular cases to a general proposi- 
tion. As regards its appHcation to science such a statement isolates it 
from one of its prime functions, the part it plays in the active pursuit 
of science. 

Induction is clearly inherent in the method of science, but we 
must not jump to the conclusion that science is therefore a sort of 
illogical proceeding. Its laws, as we have seen, are not merely general 
all-embracing statements or logical formulae, but pieces of advice, 
and because they are pieces of advice they offer us what we have 
continually demanded here, within their limits a method of helping 
us to decide what to do with the world. 

Science tells us how the world has been handled successfully in 
die past; it strives to crystallize that information by stating it in the 
form of concise laws of behaviour; and in effect it says: ‘‘When you 
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also come up against a situation like this, base your actions on the 
cream of our experience. You will find it embodied in this law. Do 
not regard it as final, use it rather as a method or as a plan, and if 
it does not work let us know, for our object is to get a law that 
does work. If you will use it in this way, you will use it scientifically. 
It is not simply a static, logical, proposition.*' 

It is usual to contrast induction with deduction. Here the process 
is reversed. A certain proposition is stated to be true for all members 
of a class. Special information about a particular object shows it 
must be regarded as a member of that class. We declare that the 
general proposition applies to the member. Stated in this bald way 
deduction appears a rather useless procedure. If the original class is 
limited in extent, then we already know that the general statement 
can have a validity only in virtue of the fact that it has been tried 
out in each particular case. To deduce in these circumstances that it 
is also true for one of the members of the class is then simply 
re-asserting something we know. It becomes a mere game of w^ords. 
If the class is unlimited in extent, then deduction applied to a mem- 
ber not already among those tested becomes equivalent to what was 
done under induction, viz., using the general principle as a line on 
how to treat the new member. 

In neither of these two senses does deduction appear to add any- 
thing to what we have already discussed. Yet in another way how- 
ever deduction plays a very important role in science and in logical 
thinking. 

To some extent we have already dealt with it when we were 
discussing how classes were formed. Consider it in this way. 

When a law is stated about a class it takes the form: — 

All members of a certain class defined by one characteristic have 
also another characteristic. For example: “All electromagnetic waves 
have the characteristic of moving with the speed of light"; or stating 
it entirely in terms of classes:— 

“All members of the class electromagnetic waves arc also mem- 
bers of the class of processes that change witli the speed of light." 

Put in this form we must remember that there must be methods 
of identifying the two classes. These are in this case the experimental 
methods of science, but they may also be the ordinary methods in 
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common use among non-specialists, when the subject is not a 
specifically scientific one. Again, when put in this form the question 
is immediately raised whether the two classes are identical in extent. 
We might ask, for example: — 

Are there any things moving with the speed of light that are not 
electromagnetic waves? This suggests a line of inquiry and further 
study. If the answer is in the negative, then we can reverse the 
statement with equal truth and say: — 

“All things that move with the speed of light are electromagnetic 
waves.” 

The, two classes we have referred to become identical. This is 
what can be called the necessary and sufficient form of the law. Any 
object possessing the one characteristic necessarily possesses the other. 
It is sufficient to possess one in order to possess both. The two classes 
are co-extensive. 

If two classes be co-extensive and if an object be identified as being a 
member of one class then that object is also a member of the other. This is, 
in reality, a process of identification and is known as deduction. In 
this form it is a method that is practised in aU branches of experi- 
mental science. It is also the basis of all mathematical investigations. 
For that reason mathematics is frequently referred to as a deductive 
science. 

The form in which we have stated the principle used in deduction 
is however not the most general. In discussing the derivation of 
classes from an individual object, by separating off for consideration 
only one quality, we pointed out the twofold character of such an 
object. First it was to be regarded as typical of a class or a series, 
and secondly we could reverse the procedure and specify the object, 
up to a point, by detailing the classes to which it belonged. 

This twofold mode of approach is notliing more than the presenta- 
tion of induction and deduction again. 

Accordingly we can state deduction in this form: If two or more 
classes be only partially co-extensive, and if an object possesses each of the 
defining characteristics of each of the classes, it is a member of the class 
common to all. 

Let us illustrate with a simple case in geometry. We start with a 
circle and we want to find its centre, the latter being defined as the 
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point which lies at an equal distance from all the points of the cir- 
cumference. Fix A, B, c, any three points on the circle, and concen- 
trate our attention on the points A, b alone. There is a class of points 
that are equidistant from A and b. They all lie on a straight line at 
right angles to the line ab through the midpoint of ab. But the 
centre being equidistant from all points on the circle must therefore 
be a member of that class. In the same way the centre must be a 
member of the class of points on the straight line lying at right angles 
to BC and through the midpoint of bc. Thus the centre is a member 
of both classes. These two classes are not co-extensive. They have 
in fact only one member in common, viz., where the two Hues 
meet. This then is the centre. 

Or again consider a case from the field of chemistry. We are given 
a certain clear liquid in a tube. We have to detect what metallic com- 
pound is dissolved in it. We add a little hydrochloric acid. It remains 
clear. We conclude that the substance present does not belong to the 
class that forms insoluble chlorides. This eliminates silver and lead 
at least. Through this we bubble the gas called sulphuretted hydro- 
gen, and a yellow deposit or precipitate is formed. We conclude that 
the substance belongs to the class that has a yellow sulphide insoluble 
in an acidic liquid. This cuts out everything except cadmium and 
arsenic. We filter off this precipitate, add warm w^atcr and a little 
solid ammonium carbonate. The precipitate disappears. Wc con- 
clude that the original liquid contained arsenic. This is part of the 
regular chemical method for analysing a substance to discover which 
metals are present, and the essence of it is simply that by a system 
of cross classification we are finally led to the conclusion, from our 
knowledge of arsenic, that it is the only substance that falls into the 
various classes indicated. 

It may bc said that a great deal of this is commonplace in all 
systematic work, and too obvious to bc worth stating. For instance 
the statement of what wc mean by deduction given above seems 
almost a truism. Why give it a special name? In tlie first place it is 
wortli giving a special name, if indeed, by so doing, we become 
conscious of the steps we take in any logical study. If what we have 
stated is an essential step in any investigation, and the illustration 
with the circle is one of the simplest that could be given, then the 
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fact that when stated if appears obvious is itself evidence that we 
have reduced the treatment to a description of fundamentals. For 
consider for a moment what we can mean by the assertion “It is 
obvious that/’ etc. 

Every argument when followed closely, if accepted, step by step, 
is clinched systematically by a feeling of consent, of admission, of 
acquiescence. “Yes,” we say “yes, go on” and then “yes,” again, 
until the final cUmax when we find we have agreed to the whole 
argument. It may happen nevertheless, that we have accepted the 
argument, step by step, and yet when the final statement summariz- 
ing the whole is made, the same sense of conviction is not by any 
means present. Each elementary step has been reduced to the obvious 
but the whole puzzles us. There is a new quality in the whole, absent 
ill each detail. 

These are just the two stages or levels of thinking to which we 
have already made reference, showing themselves in yet another 
way. Each step in the argument leading up to a conclusion has to be 
made so small that each in itself is reduced to the obvious. But it is 
a step forward; it is a process of change in thought, not a set of 
static steps. If we appear to reduce it to the truism that A is a, at 
die same moment it also becomes something else. Each step is tiny 
enough for us to mount, but they are steps that we mount, -steps up 
which we move. If in this way we ascend to unaccustomed heights, 
we fear we are being led astray, that we have lost the control we 
felt we had over the whole situation, and we want to pause to 
become familiar with the new scene. It is only in an atmosphere of 
famiharity that we can agree and be convinced. 

So also with the elementary step. We accept it when we can see 
all round it, when we can imagine or visuaHze all the possibilities, 
and when we reject them all except the one, the oudet to the next 
stage of the argument. The obvious is the recognition of elementary 
necessity, which is itself all we can mean by logical impUcation. 

When we look at the obvious from this standpoint we begin to 
realize how much the cogency of our thinking depends in detail on 
our experience and on our imagination. An argument that will con- 
vince a child win not deceive a more mature person. How often have 
we not had said to us when we were young: — 
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“Oh, yes, this is all very simple to you because you don^t appreciate 
the difBculties.” 

A young mind tends to ignore the complexities and intercon- 
nexions with the rest of tire world. The mind becomes fixed on the 
objective, and other possibilities, either do not suggest themselves 
or seem of trivial importance compared with the crucial point. 

“The point is . . we keep on repeating, endeavouring to direct 
the attention away from what are to us side issues. 

Throughout we are continually limited by our restricted experi- 
ence. What we alone have always seen to be the case we tend to 
take as necessities of nature. Take for example such a simple asser- 
tion that “one and one are always two.'’ Is this a law of nature? Is 
it a necessity of thought? Can we avoid always acting on the assump- 
tion that this is so? And here let us dismiss what may become merely 
a verbal confusion. We do not define the word two or the symbol 2 
as a shorthand expression for the phrase “one and one” or “1 and 1.” 

If we begin by thinking of our triangle of reference again, we will 
see at once that the symbols one and two have to refer to objects 
or processes. If we are to regard “one and one are two” as a natural 
law, let us then ask for what process is it natural and useful? As we 
have seen this is not to be distinguished from the question “on what 
basis does it rest?” The statement, then, refers to a process, one 
representing a combination. One entity is to be combined with 
another and equivalent one and the result of the combination is to 
be a group of these entities to wliich as a group, we have to apply 
the name two. More than this. The process is to be reversible. It 
must be possible to separate the group two into one and one of the 
original type. We shall see in a moment that we have already begun 
to tread dangerous ground. Suppose I take as my entities colours, 
blue and yellow. I combine the two colours. This I may do in 
various ways. I can place them alongside each other as if they were 
objects, and then the proposition is certainly correct. I can take them 
apart again, and I have the two colours. To do this, however, would 
not use the fact that they were colours, 1 need not have classified 
them as blue and yellow if I was going to treat them merely as 
objects. How does one combine colours? There are various ways of 
doing tliis, widi the result that I get “one colour added to one 
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colour gives one colour.” We state this usually as ‘‘blue and yellow 
give green” which is equally a law of addition. If we take as our 
measure the number of colours, we can state the appropriate law of 
addition in this case as one and one are one. 

A dozen tributaries combine together to give one stream. If I 
consider the tributaries only as objects, of course, I will get the 
ordinary law that, one plus one, etc., form the group of tributaries 
“twelve,” but if I am talking of the actual law of combination for 
the kinds of objects I have detailed we may state: one stream plus 
one stream, etc., etc., combine to form one stream. Two separate 
ideas, logically combined together as ideas to form a conclusion, 
another idea, is again a process that behaves according to the law 
“one and one are one.” 

The world is full of processes that would seem trivial if handled 
in the way in which one handles simple discrete objects. I combine 
together two separate groups each of five objects. The result is one 
group of ten objects but it is one group. One group and one group 
combined give one group. They may then give any number up to 
ten groups in this case, if the process is reversed. Only in a very 
restricted sense can we ever talk of a process being “exactly reversi- 
ble.” Before the reverse step is embarked upon the world is already 
different if only from the fact, that the direct step has already 
occurred. Few actions can be undone. Nature moreover is very par- 
ticular about the order in which the combination may take place. 
In combining objects it is immaterial which I take first. But the process 
in the eyes of the police is very different if instead of being shot and 
then dying, I die and am then shot! 

We must not separate the law from the operation to which it is 
applicable. 

Laws of nature do not stand on their own as abstract principles 
independently of the actual physical events that happen in the uni- 
verse. They do not “guide” processes. It is from the processes that 
take place, that we have to discover the laws they exhibit. We tend 
to think of natural law as a sort of external force that compels 
material things, willy-nilly, to flow along in a particular way. This 
is indeed putting the cart before the horse. The universe in its per- 
petual state of flux is a changing medley and our laws have to 
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<3escribe the world as it is. By our methods of classification we can 
see the groups into which these processes fall, just as we can see the 
categories into which objects fall. They are real categories and real 
classifications, because the objects and the processes do have the 
characteristics we have recognized, that have enabled us to group 
tliem. What we have to be aware of, is not too hastily to assume 
that, when we have succeeded in formulating a general law, it has 
a validity wider than the processes it can help us to understand. These 
we can be certain of, only by trying them, by searching them out. 
Not only have we to ask how wide is this law, but at the same time 
how narrow is it. In searching and trying, we bring our imaginative 
power to bear. In doing so we are continually extending the scope 
of the obvious, making the falsely obvious into the obviously false. 
All this has to be fitted into the picture of man’s development 
-sketched in Chapter Two. 

Where does logic stand in relation to this? Logic is presented to 
us as a statement of the rules for reasoning, the process we follow in 
making correct inferences. Officially logic is not concerned with 
physically verifiable inferences. This must not be confused with clear 
thinking if by the latter we mean thinking in such a way as to arrive 
at conclusions that are borne out in practice. For die latter involves 
maintaining contact perpetually with the real world, and checking 
•our conclusions against it after each mental excursion. Just as we 
have sought throughout these discussions to preserve agreement 
between idea and thing, the very essence of science, so in thinking 
we must seek perpetually to preserve agreement between process in 
thought and process in things. The logical sense we have, the sense 
of implication and of inference has been historically produced in us 
in tliis way by the impact of the real world upon us. It is the mental 
reflection of the behaviour of the universe, and in virtue of that it 
becomes an instrument of discovery to us. As the universe runs 
through its changes, so our experience widens and our logical sense 
becomes more acute. Thus our logic cannot remain static, but must 
needs keep pace with the universe. Logic cannot therefore be lifted 
as a subject, once and for all, out of space and time and material 
things, as a permanent grammar of thought; he who imagines he 
has written the grammar of any living language once and for 
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all is unaware of the nature of the changing, developing 
world. 

There are some, however, who maintain this. Extracting a set of 
formal rules, they argue that by studying the “grammaticaf* struC“ 
ture, rules can be drawn up that are essentials’ of all thought, freed 
from the actual material to which they may be apphed. Thus: — 

All p is Q, all Q is r, and all r is s; therefore all p is s. Such state- 
ments are either tautologies, that is to say there are three superfluous 
names to the content of p, viz., q, r and s, or else the truth of the 
proposition follows not from some absolute law of thought but 
from experience with groups of objects. It has a validity correspond- 
ing to “one and one are two” and has to be tested out in practice, 
as we have already seen in that case. 

Can finality then in the form of a perfected logic ever be attained? 
Surely not. If the mathematician of one generation can point to the 
weakness, in reahty the deficiency in imagination and in experience, 
in the proofs offered by the mathematician of the previous, how can 
he refrain from comparing also his own conviction that he has at 
last estabhshed his propositions beyond question with that of his 
predecessor who also felt the truth of his assertions with equal 
strength. Rather have we to see it as part of man’s voyage of dis- 
covery in which as we acquire more and more knowledge of the 
world, as we tamper with the world to acquire this knowledge, we 
also acquire more and more understanding. We interpret its mean- 
ing more deeply to ourselves. Experiment, reasoning, and emotions, 
all play their part in the process, and we will make a serious error 
if we imagine that any one of these, at any stage of history suffices 
in itself, for the task as if it had attained complete perfection as an 
instrument of discovery. If the obvious Hes indeed at the root of 
“proof” then it is the obvious for us human beings here and now; 
and human beings are what they are, rather befuddled members of 
the human race, groping their way forward to light. 



CHAPTER SEVEN 


MAN, AS CREATOR OF NATURAL LAW 

W E USUALLY REGARD kws, in the legal sense, as codes, rules, 
regulations that govern or circumscribe our behaviour. It is 
tliis idea that laws “govern behaviour’' that one finds so frequently 
also associated in people's minds with natural law. One hears the 
phrase “The universe is governed by a set of laws" as if the laws 
came first, and these were applied to previously static, unmoving 
masses of material; and thereafter as a consequence of the application 
of these laws the masses began to change their position according to 
a definite routine prescribed for them and from which they coul^d 
not deviate by a hair’s breadth. 

This is a false view. In the last chapter we have been looking at 
this question in relation to the purpose for which the laws have been 
formulated by man, and the background of material from which 
the laws have been drawn. We have noted that laws are stated in 
general terms because they are, in that form, useful to man; and we 
have seen that the material from which the laws have been drawn 
consists of “changing parts of the universe." Since we never encoun- 
ter anything that is unchanging, the whole notion of what might be 
called “unchange" is an imaginative one. Events appear to repeat, 
of course, like the rising and setting of the sun and appear to be the 
same or unchanged when they do repeat, but to say they arc the 
same when, of course, they are different at least in the respect that 
they take place at different times is to give a meaning to same that 
is certainly not undifferent. All I am trying to emphasize is that change 
is an inseparable quality of the parts of the universe. Despite this, in 
making or formulating our laws, we talk about “the motion" of 
this or that as if we could separate the motion from the part* The 
law states the nature of the “behaving part" as an entirety. The law 
is formed in behaviour. If we separate the object from its behaviour 
falsely, we find ourselves later trying to reconcile them again by 
inventing a form of words such as: — 

“The body has the property that it does so and so." 

We ought rather to say that “this body in its behaviour can be 
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grouped with other bodies in their behaviour under the following 
general heading,” and here follows the general statement of the law. 

From this standpoint every element of the universe exposes its 
laws in its behaviour; it makes its laws as it persists, and there is no 
compulsion by some force outside the universe, whatever these words 
might conceivably mean. If it were compelled to behave it would 
also be compelled to exist and persist otherwise it would vanish! 

I have stressed this point no,t only because it seems to be an accurate 
description of what actually occurs, but because if we approach the 
whole question of natural laws from this angle, certain difficulties 
that usually arise when we begin to inquire whether human beings 
also are ‘‘subject” to natural law immediately disappear. Human 
beings, like other objects, make their laws as they persist, i.e., as 
they behave. You and I have, or make our own laws. People say you 
are the kind of person who does so and so in such and such circum- 
stances. They size you up, meaning thereby that they have classified 
you according to your modes of behaviour. They know some of 
your laws of behaviour. 

In music or in harmony there are laws for the combination of 
sounds. There are laws for the combination of colour, and in an 
earlier chapter we set out to discover whether there are laws that 
describe or “govern” the process of thought. They are really tips to 
tell us how to examine and analyse a part or a process of nature by 
indicating a structure or pattern in the process. 

I think we can assert that all such methods of analysis constitute 
the search for processes that have a structure or pattern, and a state- 
ment of that pattern in concise form. It is in this sense that psycho- 
logists and biologists talk of a “pattern of behaviour” among animals 
and human beings. Wherever we have detected a pattern of 
behaviour we have discovered a process or a group that can be 
made the subject of laws. 

Now all such processes or patterns are not seen or found in sharply 
defined form. If we assert that all the colours of the rainbow are 
present in a sunset, this does not mean that they are always present in 
constant proportions. We have to allow for clouds, special atmo- 
spheric conditions, and so on. If I state that when the pressure on a 
mass of gas is doubled the volume will be halved, that does not 
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mean that I find this law exactly fulfilled in all cases. I find that 
sometimes it is rather more, sometimes rather less than halved, but 
in all cases I can also ‘put the blame” for the difference between 
what is found and what is expected, reasonably on various small 
factors that interfered with the course of the experiment. Perhaps a 
little of the gas escaped, perhaps the heat from my body made it 
expand a little, perhaps the temperature of the laboratory did not 
remain unchanged throughout the course of the experiment. AH 
these peradventures, be it noted, arise from the interconnexions of 
the experiment with the rest of the universe, myself, the conditions 
in the laboratory, the climatic conditions, and so on. 

When we talk of an exact law we are thinking of an idealized 
situation that is never fulfilled in the real world, a situation in which 
the experiment is completely isolated from the rest of the changing 
world. And because we think in terms of an exact law, these factors 
that we blame for the differences, we call errors of the experiment. 
In this sense it is impossible in the actual world of affairs to conduct 
an experiment without errors. Errors are real. They are evidence of, 
and give a measure of, the intercoimectedness of the experiment 
with the actual world. So in reality when we want to use a law in 
practice we have to use it not as an idealized law, but with a margin 
to allow for this feature we have referred to. 

Once we have grasped the idea that a natural law is not exact in 
the usually stated form, we are ready for a wider conception and use 
of natural law. If I state that 80 per cent of the population are not 
engaged in their normal occupations on Saturday afternoons I am 
stating a law of behaviour of a social group, but if you were to take 
a census next Saturday afternoon I should not expect it to give 
exactly 80 per cent. It might be as low as 75 per cent, or it might 
be as high as 85 per cent. I might then amend it by saying that it is 
80 per cent on the average^ or by saying “Every Saturday between 
75 per cent and 85 per cent of the population arc not engaged in 
their weekday occupations.” The latter form would be exact if it 
were found that all cases fall witliin those limits. 

Such a law is called a statistical law. It is a law of averages, but it 
can be stated in a form that makes its application precise by bringing 
the element of imprecision into the statement. 
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It is mainly a matter of custom that makes us state an ordinary 
physical law about a definite scientific process in exact terms, and 
blame the departures from it on the ‘'error/’ while we state a statis- 
tical law as an average effect. They are in a sense both average effects; 
where the crucial difference usually Hes is in this. With a physical 
experiment we can change, and, up to a point, control the experi- 
ment, choose the circumstances in such a way as to reduce the inter- 
connexions with the rest of the world to the barest minimum. It is 
just with circumstances such as these that physical science is con- 
cerned. With most statistical laws, on the other hand, especially 
where they are laws relating to masses of people, we must take life 
as we find it; we must take the experiment as the mass of people 
conduct it on themselves. 

It is because we do not usually control the behaviour of masses 
of people who are to make their laws hy their behaviour, as other 
material things do, or because the mass of people do not control 
their behaviour as a mass, that we are prone to ignore the fact that 
they also show a pattern to which laws apply. Yet there are many 
individuals in the community whose business it is to extract just 
these laws and to act or advise action on a knowledge of them. 
Every time a budget is made for any country, an estimate has to 
be compiled on the basis of a knowledge of how people who have 
to pay taxes will behave in that respect, what proportion will success- 
fully evade as the rate of taxation is made steeper. Railway com- 
panies adjust their fares and their train service on forecasts or 
predictions or prophecies of how the travelling public will behave. 
A great sports event takes place in a city. These companies have to 
forecast what the distribution of traffic and turnstiles and railway 
officers must be in order to cope with the congestion and incur the 
minimum of delay. Every telephone exchange has to know verj^ 
precisely the laws of behaviour of its subscribers when they make 
their calls most frequently on die average, and how long on the 
average the lines are engaged if they are to satisfy their pubhc. 
Every stockist of a goods store, has to have a very accurate know- 
ledge of the buying behaviour, the likes and disHkes of his customers 
in order that he may not be left with a volume of useless goods on 
his hands. 
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Tlie whole of our social life is interpenetrated with patterns of 
behaviour of groups of people that are legitimate subjects for expres- 
sion in the forms of laws. Here, indeed, we see very clearly how 
important it is to seize hold of the idea that it is the object or process 
that exposes or makes its laws in its behaviour. Nevertheless, all we 
have said in the preceding chapter about these laws being couched 
in. the form of classifications holds with equal strength here. 

More than tliis. Laws are formulated as prescriptions for action. 
The illustrations given above show how simple laws of groups are 
used in business and social administration. Now man rests his claim 
to a higher level of life than the animal on the fact that he is not 
only conscious but self-conscious, and he uses the fact to implement 
that claim. Nevertheless, while he may be aware that other self- 
conscious beings make their laws in their actions, he is not usually 
conscious of the laws he himself forges. He is in tliis sense not fully 
self-conscious. In the same way when collections of beings make 
their collective laws in their mass behaviour, others may become 
alive to these laws and use them as we have illustrated. Only when 
such groups become conscious of the laws they forge and of the 
laws they can forge, and thus deliberately direct their activity, and 
use that activity in a collective purposive fashion, will it be reason- 
able to say that they will have attained the higher level possible for 
human beings in society. It will represent the first great step in the 
advance of mankind towards the control of his own future. 

Finally, we can but point one stage further in this search for 
natural law. If there are laws for the behaviour of objects and simple 
physical processes, for human beings as individuals, for sectional 
groups in society, are there not also laws for the behaviour of whole 
societies? If we trace the history of man, as we have done broadly 
in Chapter Two, throughout its successive stages from barbarism to 
civilization, could we also say that it shows a pattern of behaviour, 
a definite law of change on the basis of which predictions and fore- 
casts might be made of the kind of life man will create for himself? 

We are not yet ready for the answer to tliis question. 



CHAPTER EIGHT 


THINKING ABOUT DETERMINISM 
AND FREEWILL 

T he fateful bays of August, 1914, saw millions of the youth 
of every country march in regular formation to systematic and 
routine slaughter. It was, in one sense, a dramatic if hideous cul- 
mination to an age of standardized production and of mechanized 
humanity. A century of industrial science and of scientific industry 
had succeeded in producing an environment in which the interests, 
the desires, the thoughts, even the actions of large masses of the 
peoples of the west were being shaped for them by forms of social 
organization of which they themselves realized little. In spite of the 
few outstanding cases of individuals who by their actions and their 
writings had shown that they had escaped from the deadening and 
cramping effects of their immediate environment, the great mass of 
the population remained frozen economically and intellectually 
within their class. The son inherited his father’s position in society; 
generally the miner’s son remained a miner. The mechanical deter- 
minism of the nineteenth century, with the whole weight of 
physical science apparently on its side, found here a suitable milieu for 
the acceptance of a fatalism that pictured the lot of man cast individ- 
ually and collectively in a defibite and inescapable mould. To tliis 
philosophy of despair the events of the war of 1914-18 contributed 
in no small measure. In the years that have elapsed since that date, 
events have conspired to underline such a philosophy in the minds 
of many of the younger generation. In a world of strife and turmoil, 
where human beings are regarded and have behaved as little more 
than regimented marionettes, obeying even to the death, the behests 
of a leader who himself indulges in speeches whose content can be 
predicted with astonishing accuracy, there is litde sign that human 
beings themselves possess any of the characteristics to be associated 
widi freedom in the individual will. Condemned to take his stand 
in an unemployment queue until whatever manhood he may have 
possessed has forsaken him; or possibly more fortunate, trained to 
efEciency in the arts and finding the doors of useful communal 
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service efFectively barred to him; or cven_ struggling for a few 
months desperately to revolutionize society in the immediate hope 
of creating a new heaven on eartli, youth may be indeed excused 
for slipping back into an inescapable fatalism. Even those who have 
come to regard themselves as the fortunate possessors of a routine 
job, where hour after hour, and day after day are spent in the 
reputed performance of die same deadening task, must needs justify 
their position in life by an appeal to fate. It is in this bovine mood 
drat many of the younger generation, and not they alone, regard 
the activities of those who would still strive to make of the world a 
place habitable for a self-respecting humanity. With such the hope 
of youth has early given way to the cynicism of old age. 

Mankind is a mass of contradictions. The century that saw the 
age of the machine triumphant, that by its very success appeared to 
place the final seal on mechanical deterniiitism saw also as a con- 
sequence the ascendancy of a new class of industrial entrepreneurs, 
that attributed its rise to individual foresight and force of will. It 
was this class that demanded as an inaHcnablc right of man the free- 
dom to use its will and superior judgment to its own advantage, 
subject only to the dicutes of the individual conscience. If it was 
the age of mechanical determinism it was also the age of freedom 
of the individual will, and because tlicse two philosophies co-existed 
side by side within the same social framew'ork, in spite of their 
obvious contradiction, they probably’ did in fact each represent a 

partial truth. i ■ i i i 

That there are aspects of nature subject to mechanical law, the 

whole history of science bears witness. If the test of determinism 
rests in the capacity a theory possesses to predict events then every 
scientific discovery, every engineering design, every invention is 
evidence of its truth. Scientific theories must be of a deterministic 
nature. They have to expose order and logical connexion among 
scientific facts. They have to sUnd die test of showing that the order 
widiin science enables an order within nature to be brought to light. 
If there were no order in nature there could be no order in science. 

It is easy on this basis to slip into a very fallacious approach to 
such questions as prediction and determinism. We easily slip to die 
conclusion that if we knew sufficient about the distribution of mat- 
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ter in the universe and about the mutual interactions of every 
particle the future could be laid bare before us. To adopt this view- 
point is to be guilty of something unnatural, unrealistic. Scientific 
theories and scientific prediction are made by human beings with 
the material at their disposal, with the knowledge and the scientific 
instruments that have been gathered and created up to that point. 
It follows that one of the most realistic assumptions that has to be 
made in every scientific analysis is what might be called a principle 
of ignorance. Our powers and knowledge are restricted. Events are 
occurring that at the moment are outside the scope of our study and 
any imaginary theory based on the assumption that if we knew 
everytliing in space at any given time we would know everything 
in time within any given .space, is a pure fantasy. It is outside physics. 
It is metaphysical. 

This principle of ignorance which is as fundamental to our 
approach as any principle of knowledge implies not only that events 
are happening beyond the range of our strongest telescopes but also 
beyond the range of our most effective microscopes. The field of 
knowledge is restricted at both ends and science as it develops 
extends tliis range as far as human ingenuity and human needs can 
carry it. 

This has a very important bearing on the problem of deter- 
minism. It implies that in the field within which science works it 
would be false to expect that every event that occurs can be fitted 
without exception into a complete well-rounded, highly-polished 
set of scientific laws. If this were the case, there could be no such 
thing as accidents. A realistic science must find a place for accidents, 
even as it formulates its general laws. This does not mean that the 
existence of accident impHes in some sense the presence of the mys- 
terious. It may be that an individual occurrence cannot at any given 
moment be linked up with what we have regarded as the ordinary 
sequence of events, but nevertheless the fact of such an accident itself 
becomes an expected and to that degree a rational thing — once we 
clearly appreciate the meaning of our principle of ignorance. Intru- 
sions from outside the restricted field of knowledge are themselves 
natural events. 

To leave it in tliis position, however, would clearly be unsatis- 
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factory and scientists have therefore devised methods of handling 
such peculiarities. Let us illustrate with two cases. Whatever be the 
detailed history of the origin of the earth occurring as it did at a 
time outside tlie range of precise knowledge, whatever be the 
theories that have been produced to link this event with known 
laws of development, as far as we are concerned we must accept it 
in some degree as ail accident. Now the detailed mode in which 
this occurred will clearly have a determining effect on many of the 
subsequent changes that take place on the earth itself For example, 
if the earth was thrown off from the sun its composition will be that 
peculiar to tlie region from which it was ejected. So will its initial 
temperature. There are many factors in such a situation that must be 
classified together as representing the situation at the actual acci- 
dental origin. Given these accidental peculiarities, however, the 
changes on and within the earth occur systematically, and according 
to known scientific laws. Out of the initial disorder emerges order, 
out of accident, regularity. The subsequent history of regular changes 
on the earth are contingent on the initial accident. 

The second line of approach is to recognize certain forms of regu- 
larity in groups of accidents. If we take a target, for example, the 
mark of each shot shows a deviation from the bull’s eye which in 
ordinary speech we explain as being due to “errors” in sighting and 
in setting. Whatever they are “due” to, they constitute the uncon- 
trollable accidents. They represent intrusions from outside the con- 
trolled field of the marksman. And yet, the distribution of shots on 
a target, provided there are sufficient of them, shows a very cliarac- 
teristic appearance. They follow a certain law — a law of accidents. 
We shall later return to this question in greater detail. 

Scientific laws nevcrtlieless arc not simply descriptions of natural 
processes; they are themselves instruments for action. Historically 
man’s object in pursuing science is to seek control over nature, to 
make of the world what he wishes, provided it can be so made. 
Thus that part of nature diat is man itself embodies one of the forces 
that shape the course of events, and science is tlie instrument that 
serves him to that end. Is he indeed free in tliis process, or is he 
himself a mere mechanical agent, the victim of more fundamental 
laws that govern and control him as rigidly as the movements of the 
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piston are guided by the cylinder and the explosion? Does he not 
plan as if he were free? It is impossible in the space of one chapter 
to deal with more than one slight aspect of this question. 

In the last chapter reference was made to the difhculty some people 
feel in believing in the possibility of laws of nature that “govern"’ 
the actions of human beings. The difficulty is both of an emotional 
and of an intellectual nature, and arises from a contradiction between 
a feeling and a set of ideas. We all feel individually that within 
Hmits we can do what we wish; while we know, and we feel, that 
we cannot jump off the earth, we feel and we know that we can 
walk out of the house in which we are. Or we can stay where we 
are, just as we wish. Within limits we feel we are free agents. On the 
other hand, if the universe — and by the universe we mean every 
element of the universe, including our actions — ^were to follow cer- 
tain laws of nature inexorably, how could this be reconciled with 
the freedom in choice of action that we feel we possess? We find 
ourselves involved in a contradiction, a tug in opposite directions, 
our subjective feelings pulling one way and our intelligence appar- 
ently the other. 

From this conflict people tend to range themselves on two sides, 
each of wliich again involves a contradiction. 

On the one side are those who deny freedom after liberating them- 
selves from preconcerned prejudices by intellectual analysis; on the 
other, those who are compelled by their feelings to assert that they 
are free. 

Let us endeavour to think out this problem, to resolve the con- 
tradictions we have here exposed. We must first sharpen the con- 
tradiction and then proceed to find a background against which 
both standpoints may be seen and reconciled. As they stand they 
seem irreconcilable. We shall have to recast our problem in the light 
of facts. 

Certain data we can accept at once. We all have the feeling that 
we are free to choose. It is a feeling. Can we settle exactly what ideas 
and precisely what kind of actions correspond to this feeling? Now, 
the first point that interests us and on which we require information 
is the qualification that is made within limits. What are the limits? 

We cannot jump off the earth. We cannot lift a weight of more 
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than a certain amount, no matter how much we may try. There are 
physical limits. Sometimes we feel falsely about such a matter. I ask 
you whether you can run a mile. You feel you can; you try, you 
fail; you feel you cannot. You have changed your feeling in the 
practice. You have discovered a physical limitation, and an unfounded 
feeling. 

But, you argue, you still feel free to do all the other tilings you 
can do. That also we can accept, but the fact that we sometimes feel 
free to do tilings we cannot really do is rather serious. We can have 
feelings apparently about imaginary possibilities. After all, we follow 
only one course of behaviour at a time. If we can do only one thing 
and at the same time in the doing of it we feel free to do that and 
other things, we begin to have some doubts about trusting to our 
feelings alone in such matters. Or we may put it even stronger. 
Let us suppose we were placed in such an awkward situa- 
tion that there was clearly only one thing we could possibly do, 
would we say we were compelled to do it, or would we say we 
were free to do it? If we were bound hand and foot, an.d wanted to 
go for a walk, it would be an abuse of language to say we were free, 
but our bonds would not permit. We certainly would not be free to 
do what we want. There is, however, such a thing as resigning our- 
selves, recognizing that we are hopelessly bound hand and foot. If 
the result of this recognition changes our desire, and we no longer 
want to go for a walk, but want to remain bound hand aird foot, 
are we not at once free? 

The illustration may appear far-fctched, but it contains the kernel 
of a truth we seem to be approaching. Perhaps wc can state more 
concisely the point we have reached, stating it in the form of a ques- 
tion, so that the original contradictions stand out more sharply; 
Are we free to do what we must want, or arc wc free to want what 
we must do? Which are free, our wants or our actions?^ 

Let us get rid of this awkward undefined word ‘Tree ’ in this con- 
nexion and think instead in terms of restraints, Wlien wc do so we 
are finally faced with two problems of a more specific nature that 
arise from our last query. 

How do wants and actions condition each other? 

How far does the world outside the individual settle or condition 
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both his wants and actions? If they are both “bound hand and foot” 
as it were, the matter is settled. Thus the problem is clearly associ- 
ated with the whole discussion of natural law, and, in particular, 
natural law for human beings. We have, however, a certain small 
crop of sweepings for our bag. 

First, if there is a meaning to freedom in practice it is freedom 
only within limits. We are definitely restricted by material circum- 
stances. But we seem also to be restricted by our feelings. There are 
some things we can’t do because we say we couldn’t bear to do 
them. Thus our feelings are also suggested as controlHng influences 
on our actions. 

Secondly one of the results of recognizing our limitations is a 
change in our feelings, our desires. He then feels free whose desires 
coincide with what he can do. Desires in this way become the spur 
towards action, seeking out the things that can be done. 

We are led, therefore, to distinguish between an unfounded sense 
of freedom and one well-founded in objective fact. 

Freedom, it has been asserted in this connexion, is the recognition 
of necessity. This compact statement requires ampHfication. A well- 
founded sense of freedom arises in a situation where, the limitations 
having been recognized, we are able to bring the desires we have in 
that situation to final fruition. In exploring the avenues we search 
for freedom. 

If we remind ourselves of what^we have said of natural law, how- 
ever, a great deal of this argument is seen to be boxing with a 
shadow. We warned ourselves explicitly against thinking of such 
matters in terms of some outer necessity, a set of eternal and external 
laws governing every element of the universe. On the contrary we 
saw that law in nature implies the classification of behaving matter 
and other natural processes. The form in which it is stated is forced 
on us by the fact that only in that form can it be used without 
physical contradiction. We can now appreciate how this view 
removes a number of the obscurities in the previous discussion. We 
take a group of shoppers, for example. They are out to exercise 
their “freewill” in the choice of articles. There are physical limita- 
tions to their choices, they are Hmited in their financial resources, 
and this restricts them to a certain class of goods. They cannot travel 
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more than a limited distance from their starting-point in the time 
at their disposal This restricts them to a certain group of shops, and 
so on. Let us suppose these have all been detailed. We now have a 
selected group of people in specific circumstances about to exercise 
their freewill. 

We propose to be scientific in our study, so after elaborate 
examination of what they purchase and so on, we presently formu- 
late a statistical law that tells us how people who exercise their free- 
will in these circumstances behave. We have begun the scientific 
study of freewill behaviour. As we have already seen, shopkeepers, 
railway statisticians, and others of that type already know a great 
deal about just this sort of freewill, and have the laws that '‘govern ’ 
their actions very well established; so much so, that they are pre- 
pared to expend vast sums of money on the making of a profit 
from a knowledge of these laws. In this way is it possible to predict 
how large numbers of people will act when exercising their freewill. 

“This is all very well,'* it may be argued, “but all you have shown 
is that the actions of large groups of people can be predicted. This 
does not affect die fact that as individuals they are still free to choose 
and act differently. They don’t all do exactly the same,” This criti- 
cism is equivalent to the statement that when you test an ordinary 
physical law in a particular case it is, in fact, found that there are 
deviations from the law in that case. There we called diem “errors,” 
and as we saw they arose from the intercoimcxions of the experi- 
ment with the rest of the environment. In die case of huinaii beings 
we do not call them errors, although we do frequently refer to them 
as aberrations from the normal. Wc may even call them personal 
idiosyncrasies, and these also may be examined in precisely the same 
way so that finally we say: “When he exercises his freewill he does 
so and so.” It is just because we can get this consistency in his 
behaviour that we call him sane. 

The position, then, to which wc have apparently arrived is that, 
broadly speaking, the feeling of freewill in the individual is irrele- 
vant, if we are concerned to predict behaviour. This docs not mean, 
however, that we may not examine such laws in greater detail in 
order to discover exactly what it is that shapes them. When we 
accept Boyle’s Law, relating pressure to volume of a gas, we may 
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also be interested to discover how it is that the vast multitude of 
molecules in the gas, flying hither and thither, involve in the mass 
just this particular law. Now it happens that we know a great deal 
more about individual human beings than we know about indi- 
vidual molecules, and therefore in a sense we are in a better position 
to examine the elements that make up the law than in the case of 
a gas. 

What are the characteristics of a human being that differentiate 
him from a molecule of a gas or from a stone? 

First, he is a conscious being, a thinking, sentient thing. 

Secondly, and here we are speaking in terms of subjective reactions, 
he is purposive. He plans and follows an objective. It may not be 
desirable for certain scientific investigations to introduce the concept 
of purpose when it can be dealt with in terms of objective behaviour, 
but to ignore purpose for all studies would be fallacious. 

The third point is one that really touches the tender spot in the 
whole of this discussion — man has a sense of responsibility. It is 
because many who attach great value to this sense imagine it is being 
undermined when the validity of the freewill criterion of action is 
attacked, that they fight this point of view. 

The fourth point is that he has values, he sets greater store on 
certain things, or ideas, or feeHngs, than on others. 

All these imply needs, some more urgent, some less, and it is his 
purpose to satisfy them. To that end he plans, and acts, and dis- 
covers, and fashions the world about him, to meet his desires. In the 
pursuit of satisfaction he creates the laws of his behaviour, but he 
does so within restrictions imposed on him by his environment. It 
is that environment also that has, in its turn, fashioned the stuff of 
wljiich he is made into a being with these needs — ^nceds that can be 
satisfied — ^into a being with these thoughts, with these aspirations, 
these sympatliies, and this sense of responsibility. 

We are now in a position to see where the original confusions 
arise. The purely mechanistic approach proposes the problem 
roughly in this form:— 

“The behaviour of an individual is determined in toto by all the 
material factors in the universe outside the individual, and the laws 
regulating the operation of these factors can be discovered by 



528 


THINKING 


ordinary scientific methods in the laboratory.” 

The protagonists of freewill assert: — 

‘'The individual’s actions are directed and controlled by internal 
factors only; in this he has a free moral choice.” 

The mechanistic approach does not recognize that the individual, 
with his capacity for thought and analysis, is himself also one, and 
a pecuhar one, of the causal factors in the situation. He directs a 
flow of human energy. While the mechanist is correct in asserting 
that the universe outside the individual restricts and conditions liim, 
he does not admit that these restrictions are also canalizing in their 
eflect. They do indeed place a situation before the individual, but 
he is not an ordinary inert piece of matter but one endowed with 
special qualities, a being possessed of consciousness, capable of recog- 
nizing the necessities of the situation, and striving to act. In these 
circumstances this individual brings his specific qualities, liis proper- 
ties, to bear, and it is the interaction of these qualities with the 
material circumstances that determines the final outcome. The indi- 
vidual therefore has also to be seen as one of the forces in nature, 
.and for their study the social laboratory besides the purely scientific 
laboratory is necessary. Believers in freewill, on the other hand, 
tinder-estimate the conditioning effect of the material forces on the 
desires, valuations and moral judgment of the individual, and direct 
attention to a subsidiary element in the situation, viz., a subjective 
feehng of freedom that accompanies the operation of the human 
force. Thus the sharp separation between the individual, and Ms 
material and social environment leads in both cases to a false 
antithesis. 

There is indeed a distinction wliich must not be lost sight of; it 
can best be seen when the relation of all this to the problem of 
prediction is examined. If a scientist understands the nature of the 
material he has to deal with, i,e., the necessities of the situation, he 
can venture on a prediction. He can assert, for example, that an 
eclipse of the moon will take place at such and such a time. In the 
sense in wMch we have talked of matter making its own laws in 
its behaviour, we can say that the moon will make the prediction 
come true. The moon nevertheless will not be conscious of its own 
necessities nor those of the other bodies among which it has to 
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move. In precisely the same way a human being, conscious of the 
necessities of a situation in which he finds himself, may venture on 
a prediction concerning his own behaviour, and will set about mak- 
ing it come true. He will make it come true by planning purposively, 
and it will actually come true if he understands the necessities of 
himself and his environment as well as the scientist understands those 
of the moon. Because he is matter at a higher level of development 
than the moon, he can be his own scientist and his own material for 
study. He is at once both scientist and moon. He can become a 
conscious maker of laws, both individual and social. 

Nevertheless this is no easy task. We hghdy under-estimate the 
extent to which the external world moulds and restricts us on aU 
sides. 

Man is a creature of the world, a creature of society, a creature of 
his group, of his immediate environment and of his own make-up. 
In so far as he becomes conscious of these necessities, imderstanding 
their laws of change, acquiring a sense of responsibility through 
himself to the group and to society, does he become a relatively 
free man and a conscious force in nature? He becomes free in reahz- 
ing where and how he is bound and in directing his purpose on that 
conscious basis. To assert that man is free in some absolute sense is 
to fly in the face of fact. To realize that he can become more free 
and to take steps to that end is for man to become a causal agent in 
fashioning the way to freedom and to the removal of restrictions. 
He thereby gives a meaning to “human freedom."" 

To see the problem from this angle is to break down an isolation 
between man and the material he studies that has traditionally 
influenced the outlook of the scientist. The cleavage between matter 
and mind leads — unless we are careful — ^to the idea of a set of 
mechanical laws, self-contained and self-subsisting on the one hand 
and to a set of abstract ideas, logically interconnected on the other. 
To attempt an explanation of the two in terms of them separately 
is to strive to bridge an tmbridgeable gap. Between the activity of 
the scientist and the energy movements of the material with which 
he is concerned there is a qualitative relationship. Each affects the 
other. Each is a causal agent on the other. Each shows effects, trace- 
able to the other. Between them they grow and develop as a umty. 
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Once we recognize this the old problem of mind versus matter dis- 
appears and in its place emerges a new field of scientific study. It is 
concerned with the multitude of problems associated with the query: 
what is the nature of the changes through which this active relation- 
ship of mind and matter passes, and in that process through what 
transformations does the mind and the matter separately pass? 

Physical science, however, deals with those aspects of the universe 
that can be approximately isolated from interference by human 
beings or from the artificially excluded environment. We have seen 
that for this reason there must always be present an element of 
“uncertainty” in scientific prediction. It is on that understanding 
that we talk of determinism within the framework of science. With- 
out this qualification the meaning of scientific investigation cannot 
be appraised. Now this uncertainty must not simply be attributed 
to human ignorance. It is inherent in the whole question of scientific 
law. A law is a statement of an observed regularity taken at a par- 
ticular level. The regularity may be a chapter of accidents like the 
systematic arrangement that shows itself on the target. The law of 
one target has to be compared with that of another. It tells us next 
to nothing about the nature of any individual mark. In the light of 
that law any attempt to specify the latter involves an uncertainty. 
This does not imply that there is some sense in which the law is not 
real nor does the law deny that the elements from which it has been 
drawn arc individually to be regarded as accidents. What it does say, 
however, is that any deduction drawn from the law will involve the 
concept of probability. We may attempt to predict, for example, 
where the next mark on the target will appear. Wc can only do so 
by specifying a probability to each point on that target. On the 
other hand, we may predict what the next target will look like after 
it has been shot at a certain number of times. This also we associate 
with probability. We make the prediction tentatively and the answer 
is derived from a study of past targets. When we talk about deter- 
minism in science we mean precisely this and those who would 
interpret it in terms of a system of perfected laws, applicable in a 
unique form to all levels, to target and to mark-on-target alike, arc 
guilty of a confusion in scientific method. We have to keep clearly 
before us that every statement describing a group regularity 



THINKING ABOUT DETERMINISM AND FREEWILL 531 

implicitly shows itself as implying an uncertainty in the elements 
that compose the group. Order and disorder, accident and regu- 
larity, these are the opposite characteristics that are present at every 
level of scientific study. 

Within recent years a ‘‘principle of uncertainty” has been pro- 
posed in science, involving the assertion that there are certain ele- 
ments of the material universe, of a sub-atomic character, that 
because of their fineness in size are beyond the Hmits of human 
measurement. We cannot know their movements in detail, nor can 
we lay down conditions under which all such particles will behave 
in precisely the same fashion. Their behaviour has to be described 
in average or statistical fashion and in any particular case can there- 
fore only be specified to a degree of probability. 

All this may be true, but it is the conclusions drawn from it by 
some scientists that particularly interest us. Since no precise data 
exist on which exact predictions may be based in this case, it is 
asserted that determinism in science has broken down universally, 
once and for all, and this view is underhned by the assertion that if 
the basic elements of which matter is composed are themselves out- 
side the scope of deterministic study then the laws of large scale 
matter are not “in reaHty” laws but appearances only, arising from 
the summation of an enormous number of indeterminate elementary 
happenings. 

Now the first point to note is that the facts from which these 
conclusions are themselves deduced originate out of a deterministic 
scientific procedure. Logically the position would thereby be 
reduced to an absurdity unless we recognize that we are refusing 
to interpret determinism in the appropriate sense. In the last resort 
the test of the validity of the scientific method is a practical and a 
rational one. If it passes that test it reflects the processes in nature 
whatever be the theories of the constitution of matter. The fact that 
there does exist a Hmit of fineness beyond which it is not possible 
to obtain adequate data to apply the simple deterministic method 
must be taken as a sign that other aspects of determinism are here 
important. Far-reaching positive assertions striking at the established 
foundations of scientific method and reducing it to an irrational 
procedure must notbemadeon a falsebasis. Actually the principle of 
M.s.t. — s 
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uncertainty tells us the precise nature of the predictions that can be 
made by the deterministic process in circumstances in which the 
available data are of a more restricted nature than is normally the 
case. Such predictions naturally become then statements of proba- 
bility. Curiously enough, while it is not asserted by those who 
clamour for the inapplicability of determinism to inanimate matter 
that the atom is in some sense “conscious’’ or “self-conscious,” they 
have not hesitated to suggest that something akin to freewill reigns 
within it. To assert this is to carry to absurd lengths the antithesis to 
which we have already referred — the antithesis between old- 
fashioned mechanical determinism and freewill — as if where the 
former is inapplicable, the latter must hold sway. 

The lesson we have to draw is that to each level of matter its 
specific system of laws, and therefore its specific kind of determinism 
and the scope within which that determinism can be applied in 
practice is itself settled by the extent of the data from which infer- 
ences can be drawn. Unless we will keep tliis clearly before us we 
are likely to slip into mysticism where none exists. 



CHAPTER NINE 


THINKING ABOUT ART AND VALUES 

A FRIEND TELLS ME tiiat Beethoven is a much greater musician 
than Wagner; that Dostoevsky as a writer understood human 
nature in an incomparably deeper sense than any previous or any 
later writer; that politics is mostly a nonsensical farrago of prejudice; 
that next to Shakespeare, Shaw is the world’s greatest dramatist; 
that no wine that has ever been made can compare with good old 
English ale; and that Britain is the only coimtry in the' world where 
liberty exists. 

Are these statements true? 

How many times have we not heard and taken part in discussions 
in which just this sort of talk arises? They may not deal with books, 
or music, or pictures. Perhaps they may be more frequently con- 
cerned with jam or foodstuffs or the quahty of cooking generally; 
with hats, and frocks, ties, suits, and clothing; with the advantages 
of travelling by road, train, or by air; with football, tennis or golf. 
The disputants may become “hot and bothered” as the argument 
gets more and more intense, and usually more and more confused. 
What was at first a single point of disagreement gradually broadens 
out until an ocean of differences separates the partners to the argu- 
ment and a friendship may become imperilled. 

Let us examine some of these questions a Htde more closely so 
that next time we are involved in such a dispute we may know 
exactly where and why the differences occur. For contrast let us 
begin with a different case. 

What is the distance round the earth at the equator? I say it is 
25,000 miles; who will dare dispute? If you care I can satisfy you 
in a variety of ways. We can look up a series of books on geo- 
graphy, or on geology, or on astronomy. We can ring up the 
secretaries of the learned societies associated with each one of 
these subjects and check my statement. We can follow through in 
detail a description of the method that has been adopted on many 
occasions by those who have made it their business to measure this 
distance; and finally we decide they have “no axe to grind” in pre- 
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ferring 25,000 miles to any other figure. All sorts of people with 
different temperaments, different upbringings, at different periods in 
history have reached the same figure and have reached it either by 
repeating each other’s procedure more carefully or by devising a 
new method of their own. More than this. By assuming that the 
circumference of the earth is just this distance, all sorts of other 
measurements fit in with this. Here, then, is something about which 
there is no question of disagreement. We say it is an indisputable 
fact about the earth. Sometimes we say it is a scientific fact. Those of 
us who haven’t the means, the apparatus, the teclmique or the intel- 
lectual capacity to carry dirough the measurement for ourselves can 
act on the assumption that it is a fact. It leads us into no incon- 
sistencies; everything that follows from it works out all right. 

Scientists are concerned with indisputable facts. Discussions at 
scientific gatherings are either about facts, or methods of grouping 
facts together, i.e., theories. Being human beings, however, they 
may get “hot and bothered” about the theories, but the facts are not 
usually in dispute. 

It is of no importance, you say, to know the distance around the 
world. Shaw is reputed to have gone even further than this. When 
told it was ninety million miles from the sun to the earth, he said 
he was astounded at the magnitude of the lie! When you assert that 
it is of no importance, what you are implying is that it is of no 
importance to you. But let us remember that there are people who 
spend all their lives engrossed in discovering just such facts. Do we 
say that it is unimportant to them? Surely not. We may be unable 
to appreciate how people can find such a diJl subject so absorbing 
that they will lose nights of sleep or take infinite trouble with 
tedious and wearisome calculations, but tliat is our difficulty, not 
theirs. That they do find it interesting is as much a fact as that you 
may find it uninteresting, or fhat the earth^s circumference is twenty- 
five thousand miles. 

These are all facts, but we have to be precise in stating tliem, or 
we win rapidly confuse a fact with a valuation. In using the expres- 
sions dull and tedious we are evaluating the process personally. When 
we say “The film Cavalcade is a better production or is more worth 
seeing than, say, The Gold Rush^ by CImplin,” we are making a 
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valuation of a similar nature; we are not stating an indisputable fact. 
We cannot expect universal agreement on a valuation. It is some- 
thing personal, although in a sense it is not merely personal. Unless 
some other people agreed with us in our valuations, we would 
begin to lose a certain necessary sense of security; we would feel 
that our own particular sense of values was “wrong,’’ that we were 
becoming queer, pecuHar. We might even feel we were losing our 
sanity. I shall return to this question of what I would call the neces- 
sary social anchor essential to us in our valuations, but for the 
moment I want simply to xmderline this distinction between values 
and facts. 

A fact is a truth about the world, a statement that in the sense in 
which we have explained it, every one can check up for himself, 
something with a universal quality about it, something we can all 
act upon in the same way as we act on a recognition of the fact that 
the pavement we walk on is solid. Individually we are either correct 
or false, right or wrong on a matter of fact. A valuation is an estimate 
of a fact. Looked at from the personal standpoint it is a crude 
measure of the degree of interest the fact has for you, the order of 
importance in which you place it relative to yourself. You are not 
right or wrong about this as you must be about a fact. A valuation 
is therefore to some extent a reflection of yourself. When I go to a 
strange house, one of the first things I do is to move over to the 
bookcase to see the sort of books that interest the residents. The con- 
tents of the bookcase are a reflection to me of their owner’s values 
in that field at any rate. It enables me not only to perceive a fact 
about them, viz., the kind of valuations they have, but also enables 
me to have a line on evaluating them — the interest they may have 
for me. 

We can now return to my friend and his various assertions. That 
Beethoven is a much greater musician than Wagner is certainly not 
a fact. It is my friend’s valuation of what he might call the quaHty 
of their music. It happens that I also agree with that estimate, but 
that does not constitute it a fact. If I act on the assumption that every 
one else holds the same view I shall soon be disillusioned. I do not 
agree with his opinion of Dostoevsky, but there is no question about 
one of us being right and the other wrong. We are each simply 
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stating something about ourselves, viz., the nature of the appeal that 
Dostoevsky makes to each of us. I am not particularly interested in 
the personal soul-searchings in which that writer indulged. My friend 
is. They do not seem to me important compared with such other 
matters as might have been handled by a man of liis undoubted 
talent. To my friend they do. In our respective lists of the important 
things that have to be dealt with, he and I place such items in 
different orders. 

Is this, then, all there is to be said about it? Suppose I am pressed 
further, as is common in all such discussions. *‘Why do you think 
that Beethoven is a much greater musician than "Wagner?’’ I am 
asked. What am I to answer? Shall I proceed to dig out “reasons” 
to convince my questioner that I have made a “reasonable” estimate? 
What kind of an answer is reasonable? What is a reasonable estimate? 
Let us see. 

For our purpose let me contrast the question as it has been posed 
with the following: — 

What is it in Beethoven’s music that appeals so much to you? 
What is there in Wagner’s music that you dislike? If we ponder 
over these two questions we begin to realize that the original ques- 
tion treated the problem as if a preference for Beethoven arose 
principally out of an intellectual analysis, the latter question as if it 
arose out of a direct emotional response. An individual would be 
perfectly entitled to reply: “I like Beethoven and I cannot give you ^ 
reasons. I just like him.” The fact that he could give no reasons 
would not affect the fact that he liked the music. 

We must not confuse an emotional response with an intellectual analysts. 
Once we realize, however, that we are dealing here with a personal 
preference, we can accept the query in its original form and proceed 
to answer it, if we can, by discovering what in our past history and 
environment moulded us in such a way that Beethoven’s music 
appeals particularly to us. Such an answer would indeed explain 
why we like Beedioven. At this stage what might have been an 
argument about the relative merits of two musicians becomes an 
examination of how the respective disputants come historically to 
acquire the valuations they have. The parting shot becomes: “I We 
not acquired the same valuations as you have,” instead of; “I do not 
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agree with the reasons you give/’ 

Very much the same situation arises in connexion with humour. 
Even if I were to make an intellectual analysis of jokes and decide 
that it is the element of surprise, or of incongruity, of the ridiculous, 
of gross exaggeration, or any other characteristic that is responsible 
for moving me to laughter, I do not move about Hfe with these 
various categories in my pocket, using them on the appropriate 
occasions. If I am faced with a remark I do not pull out these ^‘tests’’ 
from my pocket, and if the statement passes one of them satis- 
factorily, decide that this is a joke and deliberately proceed to burst 
out laughing. My amusement is immediate. When the laughter has 
subsided I may, if I am interested in analysis, proceed to ask myself 
which characteristic of jokes, as I have catalogued them, stimulated 
me on this occasion. Laughter is an emotional not an intellectual 
response, but the analysis after the response is intellectual. 

What I have said here about music and humour applies with 
equal force to other artistic forms. A picture is placed in front of us. 
We either like it or we don’t. Whatever the result, no reasons need 
be given. How often have we seen this process reversed in picture 
galleries. The critics have told us that this or that painting is superb. 
Streams of people move steadily past the paintings, catalogues in 
hand, making up their minds that they ought to appreciate the proper 
pictures. If preparation were indeed needed it ought to be not intel- 
lectual but emotional preparation, acquiring the mood to respond to 
something that must appeal primarily to the senses, if we can 
respond at all. 

Now let me say at once that I do not want to convey the impres- 
sion that the intellect plays no part in these matters. On the contrary 
the mind and other human characteristics are very profoundly con- 
cerned. A single illustration will suffice. I hand a sheet of paper to a 
colleague. 

“How do you Hke that?” I ask. 

He examines it carefully and for a few minutes his brows pucker 
in intense thought. 

“It’s beautiful,” he says, handing it back. “The way the argument 
is developed is magnificent; and how surprisingly simple the result 
turns out to be.” 
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It is a highly technical piece of mathematical reasoning, I hand it 
now to a chemist, a biologist, a philosopher, a linguist, an engineer, 
a joiner, a bricklayer, an artist or a politician. They gaze at the paper 
blankly. There is no emotional appreciation of its beauty because it 
means nothing to them. Its content is lost on them and its content 
was essentially intellectual. It had no beauty for them because they 
lacked the particular experience that would enable them to appreci- 
ate where the beauty lay. They could not possibly react to the 
exquisite adaptation of mathematical form to logical conclusion that 
it exhibited. It is precisely as if I had shown tliem a poem in a foreign 
language. 

But intellectual experience is not the only source from which 
sesthetic pleasure may emerge. Pay a visit to any well equipped 
museum and examine the exquisite ironwork in the form of gates 
and railings of the fifteenth, sixteendi and seventeenth centuries that 
were produced to adorn entrances, windows, and surrounds — mar- 
vels of craftsmanship. How much of the aesthetic beauty do we miss 
who are unpractised in the making of such things? How much more 
is patent to the eye of a master! 

A work of art, something that has value for one, must therefore 
be understood if it is to be appreciated, but it is understanding in a 
wider sense than mere mental understanding, merely knowing how 
or why it was constructed, but the kind of understanding that arises 
from the fact that it deals with one’s own experience. 

An iiidividual who has spent his life in the enjoyment of fox- 
hunting, may prize very higUy a picture that brings to Mm again 
the exhilaration of the chase, but such a picture would have little 
meaning and therefore be little valued by a town dweller who had 
spent his life in a factory. A worker experienced in the joy of con- 
trolling and guiding a large machine might treasure a sketch that 
evoked in him anew that sense of power over matter. To him it 
would be a work of art that would leave the fox-hunter completely 
unmoved. In each case the picture makes contact with an aspect of 
human experience, and without that experience there would be 
nothing from which to evoke the emotional response to which we 
have referred. Any distinctive experience may therefore be the sub- 
ject matter, the content of a piece of creative work; a piece> of 
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mathematics, life as a domestic servant, an unemployed man, a 
political meeting, a revivalist gathering, a day at the races, manceuvr- 
ing a yacht, clocking-in, pay day, throwing darts in an inn. 

I have chosen these illustrations designedly. There is an impression 
abroad that to be cultured is to be able to appreciate “good’’ art and 
that the power to discern its goodness can be acquired, if at all, only 
after much learning. It is true that to appreciate art at all one requires 
to be emotionally sensitive, a characteristic depending to a large 
extent, although not entirely, on one’s physiological make-up. But 
the fact that large sections of the population, particularly the poorer 
sections, frequently show little “taste” for art, must not be mis- 
understood. If the content of art has to correspond to deep human 
experience, several questions arise that must first be answered. Thus; 

1. Who have been the artists of the past who were capable of 
portraying the experiences that would be vivid and real to these 
poorer people? 

2. How many have actually produced such work? 

3. If artists had produced such work would they have found it 
possible to survive? Who would have purchased their work? 
When we come to examine such questions we begin to get a 

glimmering of the extent to which pictorial and other forms of 
cultural expression of a population are associated with the class of 
purchasers of art products, and are canalized by the class of art con- 
sumers who can pay for art. Thus that section of the population that 
cannot afford to remunerate such artists as might express their experi- 
ence in aft form, are compelled to satisfy their aesthetic senses at 
second-hand and by second-rate means. The result is something 
tawdry and sentimental, a cheap imitation of the art of another class. 

To say this, is not to assert that all artistic expression appeals truly 
only to a class. Whatever the reason for its production, whatever 
the class that has in the past found it advantageous or pleasurable to 
stimulate artistic production, the fact remains that much of it appeals 
to experiences and to emotions that are more or less common to 
wide sections of humanity. Musicians like Beethoven, Bach, Mozart, 
Chopin, Brahms, and many others are appreciated and have been 
enjoyed by practically all classes, nations and races, in Western 
Europe at least. The same is true of architectural modes, common 
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as they are to all European cities. We note in passing that Asia an 
Africa are different; they have produced their own characteristic 
forms. It is rare to find a European who can derive pleasure from 
Persian music or enter into the spirit of Chinese drawings. 

Ths liistory of changing architecture in Europe can be seen to 
proceed step by step with the social development of that contment; 
the early feudal days of the barons and their castles, the central 
bulwark for the social unit, then later the manor house with m 
feudal lord, the ecclesiastical buildings of the medieval period, the 
monasteries and cathedrals at the time when the Church was the 
central power over Hfe and death, stronger ^mg® ^ 
munity; die mercantile period towards the end of the Middle Ages, 
with its merchant princes and its magnificent peaces such as those 
lining the canals of Venice; the development of cities towards the 
beeinning of the industrial era leading to the typical street architec- 
ture- and later the industrial towns, roads to meet the growing 
transport, factories, and large shopping centres. Thus step by step 
architectural development has adjusted itself to and found the 

distinctive form for each social era. . i r 

We can see in this way that at each historical epoch a typicd form 
of architecture has been evolved, whose purpose it ^ been to 
embody the spirit and to stand as a sign of the power of the dominant 
section in the community at that period; and the great mass of the 
population hving and developing in that soaety have unconsciously 
acquired its atmosphere, and in a certain sense also its valuattom. 
They have watched and taken part in ceremonial in its cathedrals, 
and, bred and attuned to its atmosphere, have performed their pubhe 
devotions as a social custom and a pubHc duty. The towering piU^s. 
the arch, and the rising vault have symbolized a power greater than 
they themselves could individually achieve, a social force, some- 
thing to worship and revere, something before which their spirit 
must prostrate itseE So also the towering ramparts of the baromal 
castle was to the serf in one way the symbol of security, 
focus, whatever else it may have meant for hirn in dues and feud^ 
service. And in the sense that it did in fact correspond to a need, 
and seem to Km to satisfy that need, and m the sense tliat the ve^ 
structure of the building breathed that security, to him it must be 
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regarded as an object of art, an aesthetic stimulus. 

Let us not, however, confuse the aesthetic reactions of the domin- 
ated class, the medieval worshippers in the cathedral, or the feudal 
serf wandering under the protective walls of the castle with the 
aesthetic feeling of the dominant class itself on whose power these 
buildings set the seal. If the castle meant security for the serf it also 
meant thraldom and inferiority to him. To the baron on the other 
hand it was the material embodiment of his personal superiority and 
the power of his class, his peers, and equals. To baron and serf the 
turrets of the castle must have been a source of aesthetic emotion, 
but each in his turn must needs interpret it in terms of their real 
experiences of Ufe, and the valuations of their class. In this sense 
therefore is art social; an outward form to represent or embody a 
powerful feature, a symbol to arouse an aesthetic feeling that wells 
up in the onlooker from a social source. 

So when I say that many artistic forms must be seen as emanating 
from a social class, I am not suggesting that these forms appeal only 
to the class from which they have emerged. What I am trying to 
show is that by the same form, by the same artistic expression, by 
the same work of art, two different aesthetic reactions may be stimu- 
lated. A class that historically has never found the opportunity of 
expressing its experiences and its interpretation of life in artistic 
form, will interpret the artistic forms of another class in its own way. 

We appear to have travelled a long way from our starting-point, 
the distinction between a fact and a valuation, but in doing so we 
have seen also how the pathway has forked just at a crucial point. 
The pursuit of fact would lead us to the w'orld of science, the study 
of vdues to the world of art. Art in this way showed itself as the 
concrete form in which the values man places on facts are repre- 
sented, and if we are to judge from the illustrations cited, the facts 
that seem to demand interpretation in this way appear to be facts 
that have meaning for a group; they are in fact, social facts. Even 
when the subject matter is a piece of mathematical reasoning, as 
we have seen, it needs must mean something to a selected group 
that share a common experience. 

Is there then nothing in art that is individual? Surely. For just as 
a person is both a member of a community with the habits, the 
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dress, and customs, the interests and amusements of his period, so 
also is he an individual with Hs own private thoughte, his personal 
experience that differentiates him from every one else; his special 
set of likes and disHkes, his individual group of interests and enthusi- 
asms and indeed his own particular physical as well as psychological 
makUp. For although we all have much in common we are no 
two of us alike. We are the same and yet we are different. We 
appear to do the same things and we do them m different ways. 
^Take writers for example. Each has his individual style, own 
characteristic mode of expressing himself, his own method of 
analysing a situation, his personal flow of feeling and his own 
pec4arities in communicating it to others, or hidmg it from others 
Wch your friends, and their capacity for descnbing an incident 
with colour and vivacity, the extent to which they make it real or 
vivid. Each in his own way is an artist. He may be a good or a bad 
artist; he may he master of a technique. It may he effec^e or 
ineffective, or he may not even he conscious of the teclmique. Watch 
which points he stresses, and wHch he dismisses m a word, those he 
places in the Hgh lights and those in the shadows. Above all, note 
how his mode of description alters as the subject matter alters, how 
the form of presentation is adjusted to what is contained m it. 

He is an artist who succeeds in arousing in you me thougte, 
feelings, and actions appropriate to the contents of h« story. He 
calls up mental images, he creates the atmosphere of feeling witi 
which these images have to be associated, and he arouses in you the 
desire and the energy to do what he considers is the appropriate 
action. He is a conscious artist who is aware of his oto purpose and 
dehberately devises the technique of expression, of light and shade, 
of sequence of ideas, to create this effect. 

In short an artist is one who can successfully adapt form to content. 

Read for example how die writer in die Old Testament creates 
the appropriate atmosphere in die story of Ruth and Naomi:— 

“And Ruth said: r r u • n. 

Entreat me not to leave thee, | or to return from following after 
diee: I for whither thou goest, I will go; ] and where dioulodgcst, 
I will lodge: | thy people shall be my people, | ma thy God my 
God: 
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Where thou diest, will I die, | and there will I be buried : [ the 
Lord do so to me, and more also, | if aught but death part thee and 
me.” 

The words are simple and homely. The flow is even and melodious 
as becomes the subject-matter, and yet the very evenness of the flow 
and the restraint of the language suggests the depth of the feeling it 
is intended to express. There is not a superfluous word nor a jarring 
note; the mood of the story breathes through the language. 

What we have suggested about the spoken word regarding the 
interplay between form and content, and the struggle we con- 
tinually wage to adapt the one to the other, to put our thoughts 
into words, and to clothe our words with meaning applies with 
equal force to all other forms of art; to poetry, to the novel, and to 
prose generally, to painting in oils and in water colour, to sculpture, 
and as we have seen, to architecture. 

A creative artist is an experimenter. He is continually seeking new 
combinations of colours, new modes of expression, new combina- 
tions of harmonies, new forms of light and shade, new methods of 
introducing discords to emphasize more clearly the harmonies that 
lie there. He does not, as a scientist might, squeeze himself out of 
the picture and merely work out all the possible combinations. He 
identifies himself with it, sensing, feeling, and testing the new 
varieties to ascertain if they express what he feels is pent up within 
him, what he feels he contains. He spends himself. The content is 
given; it is contained in the social life of the people among whom he 
lives and in the world about him, and it seeks expression through 
liim. As an artist he does not directly experiment with that. If that 
content is not given to him, if he cannot experience it, he cannot 
be an artist. His first duty is to interpret life as it is. 

But it would not be true to say that the artist need only be an 
interpreter. That would indeed put him on a level with the tradi- 
tional philosopher who conceives it his business to tell us simply 
what the world means, and not to show us, what might be done 
with it. If the artist is to interpret the world in this other sense, in 
the sense in which it is real to the members of the commumty who 
have to make his art their own, he has to interpret hopes, desires, 
and ideals, for these are real human characteristics. He has to under- 
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Stand sufficient about the world to be a prophet, a true prophet, in 
that he has to interpret what such people can do with the world to 
create the life to which they aspire. He has in fact to be an am tic 
scientist. He has to be capable of analysing both individuals and 
society that he may picture a possible and an attamaUe world, tbs 
is no easy task, for dhs touches only the possible content of his work. 
His next stage is to discover the form, the medium in ^ 

express this; not simply to deUneate it statically, but to epress it m 
the active sense that is desired by those who inay feel urged to 
create the new world. THs is the modem mood m art as it is in 
science and indeed in almost every other form of human activity. 

Are we not all asking the same quesuon;— 

“What can we do in our particular field to help rescue manhnd 
from the dangers that beset it? For what must we strive and how 

These indeed are questions, if not already on the threshold of our 
Hps, ever lying at least in the background of our thoughts. The 
artist if he is to interpret life as it is, if he is to be consaous of Ae 
social background from which he has emerpd, if he is to be con- 
scious of the part that art has always played m social bfc, must assist 
in resolving this great problem. To be unconsaous of this, is to be 
ignorant of the great task of the creative artist at this epoch m his- 
tory. In this sense his situation is similar to that of the scientist, the 

politician, and the teacher. r 

It is in the effort to discover the appropriate form for this task 
that the creative artist becomes the experimenter, but to expenment 
without the analysis, before a full realization has been acquired of the 
content of what he has to express, before the artist is himse f sufiused 
vdth the feehng and soaked in the emotion of Ae problem, is to 
seek a form without content. Such art can only be devoid of mc^g. 

Once we appreciate this aspect of the question a new light begins 
to be shed on some of our modems. Aldous Huxley, aware of the 
decadence of the present but with no hope for the future of 
Vmd, concentrates his writings on the futilities about him. Brave 
New World, a fantastic novel depicting an unsociological state ot 
affairs into which mankind could not slide, where scientists have 
achieved a biological control over humanity, and converted the 
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world into a mechanized state of meA and machines, can be taken 
only as an indication that science is an ever-present danger. Had he 
been conscious that, as the instrument of art, science might assist 
him to predict the nature of the changes in the social order which 
man can acliieve, he would not have erected this fantastic warning 
out of his imaginative brain. It is not that we are in danger of suffer- 
ing from too much science, but from too Httle. Thus what is used 
is largely appHed to anti-social ends. 

D. H. Lawrence, imbued by an intense dislike of a system that 
destroys men, incapable of analysing the sociology of the problem 
that arouses his ire, and yet a master craftsman in the handling of 
form, seeks to escape from the confusion by longing for a new 
beginning with mankind in some remote corner of die earth; or 
discovers diat the driving power lies not outside among men and 
women but within men and women themselves, the urge to sex 
expression. 

Modern artists experimenting with form unrelated to anything 
but the most abstract and therefore attenuated and unconvincing 
feehngs, produce pictures of lines and triangles like jig-saw puzzles, 
deliberately pursuing form without content, emptying the baby out 
with the bath. And so we have our cubism and vorticism and a 
multitude of “isms.” That simplicity can be much more powerful in 
expression than complexity is certainly true, wdtness the quotation 
given above from Ruth and Naomi, but simplicity at the expense 
of content is the denial of art. And all this may be seen as part of the 
great flight from reality that this last twenty years has witnessed. To 
be understood it has to be set side by side with the pronouncements 
of those scientific men who assure us that the colourful world of 
mankind is in reahty but a vast geometrical proposition, devoid of 
all but mathematical meaning. 

There are artists who claim that in the pursuit of abstract art they 
arc stripping it of the undesirable elements in modern decadent 
society that have degraded it to the “photographic” level, and replac- 
ing it by something more permanent and durable. History alone can 
decide finally the truth in this contention. What cannot be gain- 
said is that in so far as higUy abstract art appeals only to a very 
select class of aesthetes, excessively small in number, and does not 
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fit its artistic forms to express, strengthen and purify, here and now, 
the creative desires and aspirations of submerged and therefore 
artistically mute humanity, it divorces itself significantly from the 
present phase of man's struggle for physical, intellectual and esthetic 
emancipation. 

But surely, we are entitled to argue, there are many works of art 
of high merit, and recognized as such by all of us, that cannot be 
dismissed on such a basis. What of the landscapes of Turner, the 
paintings of Rembrandt, or of Van Gogh? By what stretch of 
imagination can these be justly seen as emerging from a social back- 
ground? What of Beethoven, Bach and Mozart? In what sense is 
their work related to the social structure, and if they are not, arc 
their individual creations therefore to be condemned? Is there no 
art that rises above such considerations, elements that have something 
approaching a universal validity? Are we to say that five hundred 
years hence these great masters of music will have been forgotten? 
To refuse to answer such questions would be to flee from the 
problem we have set ourselves. More than this. To deny that there 
are works of art of this nature that are likely to live as long as men 
breathe and sense and enjoy would be to deny what seems almost 
self-evident. 

Mankind has been cradled in an environment we call the physical 
world, turning himself to the task of mastering that environment 
for his advantage. In such a situation there are at least three elements: 

(a) The material and physical world . , . the extra-human 
environment. 

(b) The society, the human environment that mankind creates 
in his effort to erect a satisfactory home for himself in the physical 
world, including its institutions, its philosophies, arts and sciences. 

(r) Man, the human being, the biological entity that occupies 
a place among the animals. 

There we have the three primary factors in the human problem. 
Material from any one of these three may be the subject-matter of 
the artist, that is to say, it may be the topic whose significance he 
proposes to communicate to us. His treatment as wc have seen will 
depend on himself, the environment from wliich he has sprung, and 
the field from which his topic is selected. There is yet another point 
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however. The artist may propose to communicate a meaning to us 
but whether his subject does in fact have for us the meaning he 
intended is another matter; for all men and women are not alike in 
make-up or in their experience. The Baronial Castle as a work of 
art signified to the serf something utterly diiSerent from that for the 
baron himself. 

An artist Hke Turner chooses a landscape, a part of the world not 
yet appreciably affected by the inroads man makes on nature. His 
subject matter lasts. It is in an approximate sense, universal. In vary- 
ing degrees to all human beings nature has a direct aesthetic appeal, 
and the artist has put his finger on a sensitive spot in the relationship 
between man and nature. As long as that relationship persists as an 
emotional reality it will be possible for an artist to succeed with such 
a topic. On the walls of his cave, primitive man painted pictures of 
wild animals breathing vigour and action. They were a part of 
nature to which we are stiU sensitive; they are works of art, but 
they are also sociological studies, in that they cast some light on the 
immediate forces with wliich he had to contend in these early days 
of struggle. 

Novelists and poets have turned to the interplay of human emo- 
tion and feeling, love and hate, sex and marriage, ambition, joy and 
exaltation, liberty and slavery, peace and strife. In a sense again these 
are permanent features of the human species, but their import varies 
from one social epoch to another. They are transient. The love 
sonnets of one period, sweet as is their musical form, in content lose 
their cogency in a more sophisticated age. Romantic courtship fades 
from the social screen to be replaced by the newer realities. The class 
that found expression in love sonnets passes away, and the central 
theme changes. 

A modern artist chooses as his topic an industrial town at dusk; 
black factories, gaunt cranes and elongated chimneys piercing the 
clouds and streaking the heavens in belching columns of smoke, a 
dull, drab picture in black and white outlined against a darkening 
sky. We who know it find in it an aesthetic appeal. It is a sociological 
study, the new struggle of man with man-made industrialism, and 
man with nature. To the peasant it also means something, something 
ugly, a demon that may destroy the countryside, an insidious, all- 
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powerful devil. To the factory worker it is his hfe, hs home, his 
Lrld. He hates it and he loves it. He has seen it just hke 
the streets and from the outskirts of the town. It broods over hi n 
and he over it. Can he master it or will it master him. 

Such a topic deals, after all, with an experiment on 
the problems it arouses are of universal significance. Tie J^^tting 
transient, a thousand years hence it may be a record of aiicieg 
Lead of contemporary history, but the picture wl stdl sigmfy 
the perpetual struggle of mankind with nature. Only those who 
have partaken in that modem struggle will be able, however, to 

sense it in the way a worker now does. , i i 

Form in art is deeper than mere outward shap. A landscape, a 
factory, require to be recognized as such, at least, in order to achieve 
their Jrtistic purpose. The form is inevitably associated with some- 
thing material, something perceived by the eye Can there be a 
fori^ of art in wHch tliis inteUectual and visual element is reduced 
to vanishing point? Can the sense be directly appealed to by a form 

that is neither visual nor intellectual? i • i l 

Music appeals to the emotions directly. It has no physical shape 
in die accepted sense, and its intellectual appeal is not direct. Human 
beings are biologically entities. They are similar as Ae 

stimuli that stir them although they differ enormously in their 
capacity for response, that is, some are more sensitive than others. 
Music is a pattern of sounds that, entermg through die car like 
speech, does not focus the mind to objects or ideas but proceeds 
direct to the emotions. It is to the pattern that die human being 
responds. It may throw the mind and the feelings back to past ex- 
periences. perhaps not consciously. Emerging from it he ma.y find 
he has re-lived, re-enjoyed and re-suffered the memories of himself, 
his family, liis class, and his race; in that sense it is a new experience 

.to be itself re-lived on some future occasion. Now the sigimicant 

thing about music is that it may be enjoyed by human beings en 
masse or by an individual alone, but the response to the ^me 
musical work varies enormously from person to person. One ot ttie 
ioys of the aftermath of a concert is to realize that one lias captured 
a Acme or a portion of the music, and that henceforA it is one s 
own. In this sense successful musk appeals to an aspect oi mankind 
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that is common to humanity, something as it were biological, and 
therefore also individual, something approximately permanent in 
man. It is in this sense also that a Bach, a Beethoven or a Mozart 
appear to stand outside time and space. 

To say this is not to assert that there cannot be music of value 
that emerges particularly from a temporal social context. This as 
we have seen is true of art in general, but we have to distinguish 
between art that is weh-groimded in the social and biological make- 
up of man, and so-called art that is a passing fashion, a temporary 
stimulus to jaded workers, or to a leisured class suffering from bore- 
dom. Like popular songs, such art is to be seen mainly as mere 
muscular exercise. 

Form in art is something deeper than mere outward shape. When 
the artist deals with material things, must shape then not be pre- 
served? 

If a caricature be defined as a picture or description of a situation 
in wliich some characteristic is especially exaggerated, then all 
description and all pictures are caricatures. Even a photograph can 
concentrate only on the outward form and a particular expression. 
Every writer and every artist in the actual process of creating his 
work is absorbed in the need to bring out (and therefore to exag- 
gerate at the expense of the others) certain characteristics that seem 
to him important. That artist is successful who dehberately con- 
trives to make patent what we suspected lurked in the background, 
to drag to the stream of feeling and the Hght of mind an aspect that 
is deemed important to him, and becomes thereby important to us. 
Thus the purpose of the artist is to make his material as Hfelike as 
possible, but it is ‘'lifelike ’ in no geometrical sense. A caricature of 
a leading politician may be more cogent, more emotionally apt and 
satisfying than any portrait by the foremost painter of tlie day. For 
m any purposes the electorate on polling day may be more ade- 
quately depicted as a flock of sheep than as a set of intelligent men 
and women. True outward form, meaning thereby true geometrical 
form, may indeed be useless and misleading. 

Science in one sense is concerned with a copy of nature, art 
with the meaning nature has for man. Thus as scientist, man uses 
his senses for the purpose of noting facts and collecting them together 
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into a logical system that we may be the better equipped to face the 
material world and control it. The artist begins where the scientist 
leaves off. What is my purpose, he asks? Wliich facts are important 
for that end?— and importance to liim is primarily emotional appeal. 
He discriminates by feeUng, by sensing, and not alone by thought. 
Thus to the scientist, the artist is a caricaturist of nature; he distorts 
the form of things in order to arouse in the onlooker his sense of 
significance. To the artist, on the other hand, the scientist is a carica- 
turist; he maintains the form of tilings, he fits all detail mechanically 
into its allotted place irrespective of their value. The purposes of the 
two are different. Each uses the world about him to achieve his 
end, the one to understand intellectually, the other emotionally. All 
things are parts of the world. All things have significance for us. 
We need both. 

We of this epoch have grown up during the dying phase of a 
period of intense individualism. As we can see in other sections of 
this book, we find ourselves naturally approaching every issue with 
the query on our lips: “How does it affect me?” I am not trying to 
suggest that there is anything objectionable, or nasty, or morally 
depraved, about this, for what I have said applies with equal force 
to those unselfish members of the community who say: “I cannot 
bear to see such suifering.” I am not trying to draw a moral distinc- 
tion between these two approaches, but rather to underline die 
sense in wliich they are the same standpoint. Both begin with the 
assumption that the world revolves around “me,” that it is “I” who 
occupy the centre of the stage, and that “I” have to decide what “I” 
should or should not do. “I” am an individual, and it is “my” con- 
science that tells me whether tliis is right or wrong. Other people 
are like “me,” and all the other “fs” combine with “me” to form 
the community. “My” view of the world is such and such, and “I” 
propose to do this or that with “my” life. 

Regarded from this standpoint, “I” look at the world out there 
and “I” interpret it to “my” satisfaction. If you do not agree with 
“me” you are wrong. 

Now a large part of the earlier section of this chapter was devoted 
to showing precisely how individual were the valuations we placed 
on the world. We liave been busy bustling ourselves off the centre 
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of the stage, just as Copernicus unseated the earth from the centre of 
the universe where early man had placed it, and just as Darwin 
threw man back among the audience of animals from his self- 
appointed perch before the footlights. Where science has been able 
to offer precise knowledge on such matters, the inflated bubble of 
our self-conceit has invariably been pricked, and our individuaHstic 
outlook undermined. We project our feelings that we are unique 
and distinctive with all their subjective strength into the world about 
us, forgetting that human beings are all ninety-nine per cent alike. 
We fail to reahze that just as we are frequently unable to distinguish 
one Chinese from another, so he cannot tell which of us are even 
Englishmen, German or American. We exaggerate our differences, 
play out our unique role, subhmely unconscious of the fact that 
others are playing practically identical parts. 

Now all this has been greatly intensified in comparatively recent 
times, particularly since the dawn of the nineteenth century and the 
rise of individualism. That period produced its own special brand of 
philosophy in the attempt to justify the features of the economic 
period. Members of the community vied in competition with each 
other for economic supremacy; ‘‘Nature red in tooth and claw’’ 
became elevated to a principle of action for human beings, and he 
waxed fat who possessed the characteristics of greatest advantage in 
the struggle for success. The common humanity of man sank low 
into the background, and the differences showed up as of prime 
significance. Freedom, yes, freedom as an abstraction was worth 
striving for, but freedom for the individual it must be in practice, 
freedom to pit advantage against disadvantage, force against weak- 
ness. Anything else was “unnatural.” Salvation became individual 
salvation and moral precepts demanding the development of indi- 
vidual character penetrated into educational practice. He was valued, 
he was extolled who was possessed of outstanding characteristics. 

And so art acquired the same complexion, the novel with its 
hero, the theatre with its star, the paintings of fat aldermen and 
grubby men of money. Individualism had penetrated deep into the 
thoughts and values of men when its very art served to express this 
principle. History, too, reflected this mood. It became the story of 
kings and, queens and wise counsellors against whose great deeds and 
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outstanding virtues the social Hfc of the people was of little con- 
sequence. Now while the economic structure of the individualistic 
stage is at last crumbling before our eyes, the values we have uncon- 
sciously acquired and incorporated into our institutions of learning 
and of art still remain with us. They are reflected in our whole out- 
look and in our standards of criticism. A film depicting a great 
engineering feat such as the laying of a railway from Turkestan to 
Siberia, that might completely transform the culture and the popu- 
lations of a vast area of the globe, is “dull’^ in contrast with a film 
featuring one of our latest stars. That there must be a focus of 
interest is admitted, but in demanding that the centre be held by 
an individual with whose doings we also as individuals can identiify 
ourselves as we sit tamely by, we are applying an artistic criterion 
that has its origin in an already dying epoch of society. 

But change is upon us. An eye cast over the agonized face of the 
West easily sees that within a short historical period man will have 
fought Iris way to a new social level, in which the common ele- 
ments in mankind, the enduring elements in us, will be the binding 
factors, and individuals will find their place not as disruptive units 
each fighting for the centre of the stage, but as natural elements in 
a common enterprise. If this is indeed so then new values wiE be 
born, criteria of good and of bad art will swing from their present 
individuahstic trend to others more securely founded in social 
order and conscious social activity, prizing action in common 
above the erotic exploits of a modern ApoUo or the love play of a 
Hollywood doE. 



CHAPTER TEN 


THINKING ABOUT POLITICAL 
PRINCIPLES 

P OLITICS ARE concerned with problems of government. Their 
importance rests on the fact that if the decisions arrived at arc 
incorporated into law, they affect the lives of us all. For not only 
do they regulate and circumscribe our conduct in innumerable 
small ways, but large masses of the population may have their 
station in Hfe and the future bodily and mental health of their 
children determined for them by the legislation that is passed, and 
enforced in the last resort by the poHce, the army, the navy, and 
the air force, the so-caUed forces of law and order. During a national 
crisis, a war for example, our very Hves rest in the hands of the 
government in power. Moreover if a moment arrives when political 
action is called for, and there is no true understanding of the real 
meaning of the situation, the consequences that ensue to us all may 
take generations to overcome. 

Those who would argue, therefore, that politics is a futile game 
for over-enthusiastic youth, dishonest place-hunters, a cesspool of 
prejudice, and a source of intrigue, outside the realm of intelligence 
or honesty, can be counted out as having lost interest in what may 
most vitally affect them. Alternatively, of course, they may have 
decided after elaborate study that history pursues its course unde- 
flected by the political contortions either of the electorate or of 
party leaders, that governments come and go, each performing auto- 
matically the task its rival would have performed had it been in its 
place, mechanically delivering the speeches and going through the 
gestures of arriving at decisions already settled for it; that when a 
government of one complexion ventures on legislation of its own, 
at die first opportunity its rival hastens to repeal its laws, and so sets 
history back on its predestined course. 

Such a view, attractive as it might appear to those already well 
matured in political cynicism, is not easy to maintain in toto by any 
one who has had his desires frustrated and his activities curtailed by 
the relendess demands of the tax coEector. It might nevertheless be 
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areaed ™th some show of season that the pohdcal views of the 

elitorate ate themselves of Httle ; 

that not only are people not equipped intcUcctually to 

arrive at decisions on matters of State policy, 

have the requisite information at their disposal to enable them to 
eSrcise their judgment even if they were possessed of that quahty. 
“lat fo my cL their minds, their views, their emotions, their 
desires, and their actions are settled for them by politician, pulpit 

“Sh view the poUtical ondook of die dectotate is not a prime 
cause of change, but is itself mainly settled by factors of a much 
deeper character. In evaluating this thesis, therefore, we are being 
thrown back on a problem of a much wider scope; and 
so. For if our social, industrial and pohtical history ought to be 
directed by the desires of the peoples affected, is it not vital to under- 
stand whal it is that determines these desires? Unless we can becoine 
aware of these forces, and in so doing if possible rise above tliem o 
a new level of understanding of ourselves and our environment, 
how can we be anything but the unconscious manonettcs_ that 
answer to every pull of the string, beheving in the free exercise of 
our judgment at the ballot box as an automatic machine might 
beheve, if it could think, that it chose of its own freewill to render 
up its quota of chocolate in return for the proffered coin? 

It appears, therefore, that we sliall have to discuss with some care 
this whole question of how our judgment is unwittogly affected by 
matters outside our immediate consciousness; but that is not all. Yet 
another problem that interlocks intimately with this has already 
been touched on. Is it possible to analyse the prmcipal factors that 
settle the social, industrial and pohtical devclopinent of any 
and to discover how far these include the poHtical views of the 
electorate at aU? Is our pohtical cynic, perhaps, right after dl when 
he asserts that history is a sort of fatalistic process that rolls along 
its predestined path irrespective of what you and I may say or o, 
that we are indeed mere puppets of history, waving our mms md 
speaking our parts not perhaps at the will of single individuals bu 

at the dictates of superior economic forces? 

Let us make it concrete. Was the war of 1914-18 the mevitable 
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climax to a previously existing situation, the shot at Sarajevo a 
trivial incident of no consequence because the war was already upon 
us after premonitory rumblings that dated back many years? Was 
the cry, “Rally to the support of plucky little Belgium,” the cry of 
a marionette, and we who rushed to save civilization [sic], automatic 
machines responding to the pull of a lever? Can we look back with 
equanimity and say now that our feelings and our actions then were 
based on an informed judgment and an adequate understanding of 
the issues? Was the war fought because we believed a moral injustice 
was being meted out to Belgium, or was that case manufactured for 
us after events had shaped their course? Could our moral judgments 
be legitimately ranked with the causes or with the effects? Do we in 
fact justify our actions after the latter have become unavoidable 
necessities? After all, no one in history has ever fought to maintain 
what he conceived to be an unjust cause. In every war both sides 
hold they are fighting for right, and almost without exception they 
receive the blessings of the custodians of pubHc morals in that strug- 
gle. German and British church leaders alike pray for the victory 
of the arms of their respective countries. Even Hitler and his Nazi 
Party “justify” their aggressions on the score that Germany has been 
unfairly treated. 

Is it possible that the imderlying causes of the war of 1914-18 were 
still present during the making of the Treaty of Versailles and that 
the long period of post-war distress, anxiety, tension and finally 
rearmament were simply the working out again of these self-same 
underlying causes? Is it possible that the coming of Hitler and his 
party, with all its oppression, brutality and ill-treatment of inoffen- 
sive minorities was an almost inevitable consequence of that same 
situation, and finally is it not more than probable that the present 
outbreak of war again is nothing more than a repetition of the 
1914-18 struggle once more brought to a head, in a more intense 
international situation, by the same underlying causes? 

Now it should be noticed that all these questions are being 
directed towards the same objective. We are in reality inquiring to 
what extent there is a species of causality, to what extent there exist 
overriding laws of cause and effect, in large scale social affairs as 
distinguished from the more detailed problems we have hitherto 
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considered. If there are, we are naturaUy interested to know whether 
our experts in these matters, viz., our pohtiaans, have discovered 
^d work on an understanding of these laws. For notice i the kind 
of causality here suggested does in fact exist, a peculiar light would 
S rowlon the llgh-sounding policies and promises that have 
from time to time been voiced by leading Pf 
form speeches. Again and yet again we have 

for this or that social evil— “prosperity is round the come , ^ 

and understanding statesmanship has led us out of the slump, 

Ufe will presently be its old humdrum self. The 
case is that the power to handle these issues successfully, rests entirely 
mXhands ofdie government concerned. If there are indeed force 
of m international character at work that exercise a decisive efec 
on the internal arrangements of any one country, then the speeches 
of these pohticians make painful reading; for they would imply that 
t very individuals into whose hands the control of our desUmes 
has beS placed have not yet begun to understand the forces at play^ 
What wLd we think of an engineer whom we had caUed in to 
deal with some mechanical defect and who 

ignorant not only of the principles of mechanics but of the fact that 
lere was such a subject as mechamcs? Even if m Ae P^st he h 
succeeded, by tinkering about with a piece of machinery, to ge 
to run for a time, would he not be completely at sea when faced 
with a serious breakdown? Is it the case that our 
poHtical issues is stih of the tinkering sort that does not even know 
Lw to begin to ask sensible questions about die issues that meet us 

Clearly we have to rid ourselves of many illusions. We have to 
think of politics and all that is involved in it,scicntifically, objectively 
at first on a wider scale than die mere detailed problems presented 
to us it elections. We have to see poHtics as one of the ways in 
which Hstory is being made. If there are political pmiciples, just as 
there are mechanical principles, dien we have to sec government w 
the practice of these principles, society as die laboratory and wj 
manHnd, as the material upon which the experiment is conducted. 
Then we have to become conscious of die fact that by our actions 
we make history, and seek methods of controUmg that experiment 
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consciously and deliberately. 

There is one trap into which most of us easily fall. We have 
stressed the need for distinguishing a fact and a judgment. Now in 
political matters we are constantly liable to this confusion. We get 
sidetracked from an analysis of how a certain situation has arisen and 
turn to condemn the motives of those who have brought that 
situation into being. There are studies for which motives may be 
almost irrelevant. We are not usually terribly interested in the good 
motives of our friends who get us into trouble. It is more important 
to know how it all happened and how to repair the damage. We 
ask, what made them do it. Equally we are amused when someone 
with a bad motive does us a good turn. It is not so much the stupid 
intentions people have, that matter, but their actions. It is surely a 
short step from this for us to recognize that our moral indignation 
may be a secondary matter if we are to understand how a situation 
came to pass. 

This is not to assert that human beings do not act of set pur- 
pose,” with good or bad intentions, but rather that these intentions 
may not be the primary causes. They may be the “justifications” 
for actions dictated by other forces of which they are not fully 
aware. With a friend I discussed the invasion of Poland by 
German troops. “I wonder why the German Government found 
it necessary to do that?” I ask. “An act of pure aggression,” my friend 
replies. “You would surely not attempt to justify that?” and the 
discussion comes to a dead end. He is more concerned with a moral 
estimate of the action than an understanding and what in fact were 
the necessities. 

“Why does Germany,” I ask, “continually put forward this 
demand for colonies and for empire?” 

“Pure jealousy, desire for power, prestige . . comes the answer. 
In this way we are headed off from an examination of why indus- 
trial countries like Britain, France and Germany seek colonies and 
empire, by saying it is some form of wickedness on the part of a 
country that came later on the field. Of course, if it is wickedness, 
the only solution is to beat the devil out of the wicked. But suppose 
they cannot help themselves— what then? Supposing modem Ger- 
many is treading the same path as Britain and France trod in the 
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seventeenth and eighteenth centuries. No one would assert that the 
present British and French Empires were deliberately designed by 
some group of schemers, two centuries ago. But neither was it a 
miracle. It was a perfectly imderstandable development that followed 
from the industrial and commercial needs of the home countries. 
As it occurred no doubt each step was given its justification, and 
those who carried it through probably believed they were perform- 
ing a necessary task of civilization. What is important to ask is why 
countries with an industrial structure like those of Britain, France 
and Germany either actually acquire colonies and empire by con- 
quest from the inhabitants, or fight each other for that purpose. 
After all, Britain drove the French out of India and Canada; no 
doubt both contended that right was on their side. Every country 
fights in its judgment not only for its own rights but for those that 
transcend its immediate interests — for the good of mankind. Genera- 
tions after this mankind may be in a position to judge — and perhaps 
to smile cynically. 

If we can grasp this idea we can be freed from the confusions and 
stupidities of blind political proposals, for once the analysis is 
developed we should be at last in a position to examine any given 
proposal as a concrete contribution to the solution of what is, in a 
certain sense, a scientific problem, the affair of every man. We 
should be able to see it as a bit of liistory, a proposed experiment, 
and judge it as one would any other experiment in science, by what 
the experimenter hopes to achieve by it and by the evidence that 
this hope is at all justified. 

History is made by human beings. We— you and I— make history. 
There are no subtle mysterious agencies at work beyond the wit of 
man to understand; here, as in other branches of science, we begin 
with this assertion. When we talk of economic forces wc mean 
actions by individuals and groups of individuals in connexion with 
the production, distribution and withholding of materials for use. 
When politicians talk of the ‘hnysterious disease of unemployment^^ 
they are implying that tliey do not understand the nature of the 
relation of groups of human beings among themselves, tliat keeps 
one section in idleness and witHiolds consumable goods from it; 
they do not understand how the actions of one group of people are 
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preventing another group from earning its daily bread. Thus by 
calling it a mysterious disease they throw the responsibility for their 
ignorance on to the shoulders of some supernatural agency. 

But human beings in their active relations with each other do not 
make history in a vacuum. It is in organized working at the material 
world, dragging its treasures from the earth, and in what human 
beings do with the results of that labour and do to each other in the 
process, that Iiistory emerges. Thus there are initially two sets of 
factors of prime importance that point the course of history of any 
great group of human beings. For convenience we wiU refer to them 
as environment and relations. Let us examine these two separately in 
detail and later see how they interact with each other. 

Environmental factors cover what might be called the natural 
resources of the soil, and all that has come from it as a result of the 
application of human labour in the form of skill in craftsmanship 
and organization. It is the milieu in which people work and live. 
They include also the climatic conditions of the area under con- 
sideration. Thus we may say that the history of Britain has been 
conditioned (I use the word deliberately since it canalizes, or con- 
ditions, what human beings can do with the part of the world at 
their disposal) by the presence of coal and iron in large and in 
accessible quantities, and with a climate that made it possible to 
work these minerals. The social life that would consequently arise 
in Britain would necessarily be closely bound up with the working 
of these minerals, once it had become possible to utilize them. The history 
of Iceland or of Canada or of Australia on the other hand was con- 
ditioned by dieir special resources, fishing in the case of Iceland, and 
grain and land cultivation generally in the case of the others. A 
country with a rich store of natural resources is potentially a 
wealthy country, however that wealth may be distributed among 
the population. It may nevertheless remain poverty-stricken if these 
resources are not developed. That, as we shall see, is a matter of 
organization in production and distribution and a very important 
one. For the relations that men enter into with each other, relations 
iiivatiably sealed down by law, will fix whether or not the natural 
resources of any area can be turned to the maximum advantage of 
man. Other factors will contribute, but this is fundamental. 
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Relational factors are the arrangements that are made in <:om- 
mu»ity mong iB members to develop 

feudal system, although not usuaUy seen in that light, was such an 
arrangement. There, where die particular natural resource that was 
Sped w„ the fertfflt, of the soil, the serfwas tomrd “ perfotm 
certain duties in this scheme for tlie lord of the manoi- The product 
of die soil belonged by law to die baron, since the soil belong^ to 
him, to lie undeveloped or to be cultivated as he thought fit. Thus 
hTor his bailiff decided, so much for grain culuvatmn, so much foi 
fruit, so much for vegetables, and so much to be kept ^touched 
for hunting. The product of the forest, the garne and die 
agahi the pLo Jproperty of the baron, and he who broke this law 
of property would pay forfeit with his ears, his hand, or even hi 

^^Such mutual relations between worker and proprietor, between 
those who by law owned the natural resources and the tools, and 
those who appHed their craftsmaiisliip to them, largely determined 

what kind of society would emerge. r i i ■ 

For among other things, it settled the nature of the leisure of the 
various levels of society. It meant that the serf had to devote any 
spare time he could find to eking out a bare existence from the 
small piece of soil he was allowed to cultivate for his own use and 
out of wWch he had again, by law, to pay Ins nthes to ffe church 
fathers. On occasion when the head of the family was called awaj 
according to Hs legal duty, to fight the batdes of bs ^road, 
or on whatever maraudbg expedition he cared to undertake, the 
carrying on of the duties of the estate fell on the young members of 
tire family. It impHed for the baron and Hs retinue that they could 
devote themselves to the art of hunting and horsemanship and to 
the enjoyment of a certain level and quality of cultural life. To the 
peasant it implied a life of bondage. It impHed a sharp demarcation 

L social class, and a drastic conditionmg through the circumstances 

of his mode of life, tliat created in Hm a characteristic set ol values 
profoundly different from those of tlie doinmant class. 

Such btemal arrangements that have gradually been evobed Jo 
cater for the needs of the community, what we have called the 
relational factors, have changed periodically b bstory, sometimes 
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drastically, and within this past century or two taken on a distinctly 
interesting form. To appreciate its pecuHar nature, and indeed its 
temporary character, we should constantly bear in mind the corres- 
ponding system during an earlier period, say that indicated during 
feudal times. This will set up for us and sharpen the necessary con- 
trast between the two situations. It will succeed in this way in plac- 
ing the modem stage in its historical perspective. 

It is well recognized that an enormous part of the legal systems of 
most Western countries is bound up with the rights of property, and 
the penalties for infringement of these rights. One of the rights 
possessed by property holders, particularly those who hold property 
in land, factories and macliinery, as distinct from personal property 
which every one possesses in some degree, is to engage in the busi- 
ness of supplying the community with its needs. They also have the 
means to undertake tliis task. For this purpose they are allowed to 
call in executive officers, workers of aU kinds, who, for salaries and 
wages, strive to extract the natural resources of their own countries 
and such other available parts of the world as they find profitable, 
and convert them, by manufacture, into saleable commodities. In 
these ventures into the distant corners of the earth in the search 
mainly for appropriate raw materials, the States, of which these 
people are citizens, afford them the necessary protection by police, 
army, navy and air force to carry through their enterprises. 

Two consequences follow from this. In the first place the States 
concerned are continually becoming embroiled in diplomatic 
exchanges, military matters and trade rights with the inhabitants of 
these distant countries and with other States also affording protection 
to diose of their citizens who are pursuing the same ends. From this 
arises a great deal of the foreign poHcy of individual States, although 
politicians may not themselves be conscious of the mainspring of 
their policy. 

The other consequence follows from the way in which the pro- 
ceeds of these ventures are distributed. Let us remember that in 
Western Europe all industry is carried through by large or small 
groups of private entrepreneurs for the purpose of making a profit. 
They may argue that incidentally they also succeed in carrying on 
the world^s work, in catering for the needs of men and in seeing that 
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they are adequately distributed. That, however, remains to be 
examined. What we do know is that broadly speaking ventures arc 
not undertaken unless they are likely to show a profitable return. 

What is meant by a profit? The answer to this can be seen if we 
will examine what happens to the flow of commodities that arc 
actually produced. Taking workers and executive officers as a class, 
they account for a certain proportion. The wages and salaries they 
receive enable them in the mass to repurchase a proportion of what 
they have produced in the mass. If their wages and salaries enabled 
them to repurchase all of what has been produced, there would be 
no profit. It is the surplus whose existence is an essential feature of 
this form of production that we usually call the profit. 

There is one qualification on this to which we must refer if only 
to remove a possible obscurity. Many of the things which are pro- 
duced are not in fact consumption goods in the ordinary sense but 
capital goods, machinery and the like, which go back into industrial 
production for enhancing and improving output. The effect of this 
is to multiply the output of commodities and hence at the next stage 
to increase the volume of goods that corresponds to the profit. 

Let it be clearly understood once more that we are not concerned 
with any moral judgment. We are not, at the moment, asserting the 
rightness or wrongness of this profit. All that is important for us in 
our understanding of the process at work, is to recognize the exis- 
tence of tliis surplus and to answer the question — what happens to 
it? It is obvious from what we have said that it cannot be purchased 
by the workers and the executive officers. It cannot be consumed 
within the country of its origin. For that to happen the wages and 
salaries would be required to be raised to such a point, that there was 
no profit. It cannot be used for raising the standard of life of the 
inhabitants of the country of its origin. 7%ere tannoi be an internal 
market for it. 

It is here that we may show a distinction between a Capitalist and 
a Socialist State, A Capitalist State uses this surplus for profitable sale 
in an external market. It cannot control this market. It rises and falls 
in a mysterious way. It has booms and slumps, and die ingenuity of 
the capitalist at home has to be directed towards anticipating these 
fickle happenings— the accidents and irregularities of international 
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trade and commerce. He is, moreover, at the mercy of other factors 
that may involve liim in. difficulties. Britain is not the only industrial 
capitalist country of the West or of the world. There is also France, 
the United States of America and there is Germany. All of these are 
in the same position. Each has its profit surplus which it must sell 
on the external market and each competes with the other in these 
sales. If for any reason, liistoric or otherwise, one or other has a 
monopoly or a privileged position in such a market, intrigues, strug- 
gles and finally State interference may begin to make themselves 
apparent. 

A socialist country has no such problem. Its market is clear and 
definite. It is internal. It plans in advance what is to be the standard 
of life of its population within the next few years and this settles 
the magnitude and the detailed form of its market. It has no profit 
surplus. It does not require an external market. It need not come into 
conflict with other commercial rivals or other States for the sale of 
its goods outside. 

All this is, of course, over simphfied. There is no country in the 
world, socialist or capitalist, which possesses all the raw materials 
required for its development and for the production of the goods 
its population needs. A certain exchange of commodities and raw 
materials is therefore essential, but the nature of this exchange is 
fundamentally different from the nature of the profit surplus to 
which we have referred. 

For fully a century or more this process of profit accumulation 
has proceeded apace, leading first to the development of colonies, 
to the exploitation of their raw material and the use of the rather 
inefficient labour power of dieir inhabitants, and latterly to the 
further investment of the resulting profit surplus into industrial 
undertakings in such places as the Argentine and South America 
and other parts of the world not directly under the control of the 
State within which dwell the body of investors. Tliis stage of the 
development is usually referred to as that of finance capitalism. 

For fully a century this process has proceeded with ever-increasing 
acceleration. 

Not all of these ventures can be regarded as profitable, however, 
and certainly far from all as socially valuable. Bankruptcies and loss 



564 THINKING . . . , 

have occurred regularly alongside the expansion of capital 
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and eliminate unnecessary labour. In two generations the face of the 
world and the minds of men have changed profoundly. Time and 
space have been bridged and man has acquired a grasp of the material 
aspects of the universe to an extent previously undreamt of. 

In the slow-changing East, new colonies, dependencies, and 
empires have arisen rapidly, the private property of the investors 
of the feverishly developing West. In the wake of this process the 
last century has seen more wars, punitive expeditions, and raids, and 
on a greater scale than in any corresponding stretch of time in 
previous history. Thus the war of 1914-18 can be recognized as 
one stage, if not the climax, of a process that has been germinating 
in the womb of the industrial system for this past hundred years; 
while we poor creatures, victims of a situation which none of us 
seem yet able to control, pretend to explain an historical phase in 
terms of an accidental shot at Sarajevo or of “rights and wrongs” of 
this or that petty detail. If, therefore, we are to take account of the 
successes of the great industrial revolution of the past hundred years, 
side by side with them must be placed the costs in the form of 
human exploitation and intricate political complications, that follow 
from the extension of the Western conception of property rights, 
and the partial extension of the Western legal system, to the countries 
of the East. 

But there is an aspect of all this to be examined in greater detail if 
we are to acquire a basis on which to rest our poHtical principles. 
There is the problem of consumption or distribution of the proceeds 
of all this feverish activity. Now it is worth while bearing in mind 
that if man’s purpose is indeed consciously to reap the fruits of the 
earth for his benefit, the detailed distribution of these fruits would 
not necessarily depend on the organizational methods used in pro- 
duction. The relational factors we have introduced, however, make 
this impossible as it stands. 

The groups who share directly in these proceeds consist first, of 
those who hold the legal rights to the original property (usually in 
the form of shares), and secondly, of those who have been engaged 
as executives in some capacity. By the use of tokens, notes, cheques 
and coins, a most interesting and valuable invention by man, it 
becomes possible to transfer claims to goods, from one person to 
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relational factors are wrapped up in the rights of property, and 
property rights show themselves in material things, in power over 
others, in income and in standard of life. History shows that there 
are no extremes from which people will shrink in order to preserve 
such things. In fighting to retain their material comforts, what have 
become their primary needs, they conceive themselves as fighting 
for all that life holds dear. 

It is against this background that we have to see the present 
struggle in Europe and its possible extension into Asia. It is a facile 
explanation to refer it all to the evil genius of one man, and to 
the brutality of the party he has at liis beck and call. It is more 
scientific to recognize that they are largely the consequences of 
the application to Germany of the same industrial forces that 
created the British and French Empires, and that made the North 
American continent what it is. The early development of the British 
and French Empires before Germany had got into her stride neces- 
sarily created a situation that has tended to frustrate the correspond-- 
ing growth of a German Empire. The degradation that came to 
Germany with the Nazi regime can then be seen as an almost 
inevitable consequence of an economically impossible position. On 
the other hand, the policy of Russia follows from the fact that she 
recognizes this need of a capitalist country for external expansion, 
and fears either that Germany will herself seek to obtain a colonial 
empire from her, or that Britain and France will unconsciously be 
driven to attack her in order to obtain these necessary colonies for 
Germany, and incidentally carve up the rest of Russia as spher^ of 
influence.’’ It would naturally be exceedingly difficult for Russia to 
believe that the British and French Governments would follow a 
policy that would consciously lead to the creation of a socialist Ger- 
many as the solution to the incessant struggles among the competing 
powers. Nevertheless, only by the passage of Germany to a socialist 
economy can there be any final peace in Europe, for in such circum- 
stances it will naturally create its market internally, and so be 
switched out of its external competition with industrial rivals. 

This then is the background against which we have to see the 
actions and policies of statesmen, the struggle of trade unions and 
employers’ federations, the co-operative movement as an attempt 
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Accelerators, 225 
Acinetans, 317 
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Acromegaly, 164 
Adaptation, 136-137, 171, 
255-262, 279-282, 288- 
292, 312-316 


Adaptive radiation, 3{K)”3U 
Adrenal glands, 239*240 
Adrenalin, 236, 239 
Adult period, 149 
AlFerent nerves, 133 
Aggregation* 295-297 
Albatross, 367 
Allantois, 366 


Allelomorphs, 1 59 
Alveolar air, 230 
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lo-acid#. 195, 197, 235 


Amnion, 366 
Amoeba, 2!Mh 292-293 
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Amphibia, 168, 295, 297, 
347, 355-357, 364 
Amphioxus, 146, 359-361 
Anaesthetics, 243 
Animal morphology, 111 
— physiology, 111 
Animals and plants, 111-114 
Ankle bone, 128 
Annelid, 337—338 
Ant, 289, 342-344 
Ant-eater, 302 
Antennae, ’338 
Antibody, 260 
Antiseptics, 243 
Antitoxin, 124, 241 
Aorta, 119, 122, 185, 225 
Ape, 170, 374-377 
Archaeopteryx, 367, 368 
Arctocyon, 373 
Armadillo, 243 
Arteries, 119, 122-123, 184- 
185 

Arthropods, 312, 337, 338- 
340, 345, 347-349 
Artificial fertilization, 153 
Ascidian, 358 
Astigmatism, 214 
Atropine, 243 
Auditory nerve, 209-210 
Auricles, 122-123, 184 
Australia, 371 
Autotomy, 248 
Axolotl, 247 

BACKBONE, 128 
Bacteria, 113, 124, 196-197, 
236, 241-242, 318 
Balancing, 209-212 
Barnacle, 304 
Bat, 169, 171, 300, 302 
Bean seeds, 283-285 
Beaver, 302 
Bee, 341, 347 
Beetle, 286, 345, 347, 349 
Bernard, Claude, 196 
Bile, 194-195 
— duct, 117, 195 
Biological progress, 295 
Biometry, 165 

Birds, 168-169, 171,288-289, 
356-357, 366-369 
Birgus, 349 
Bivalve, 350 
Bladder, 122 
Blastula stage, 145-146 
**Blind spot,” 214 
Blood: 

Circulation, 183-187 
Composition, 137-138, 
187-190, 229-233 
Importance, 198 
Pressure, 225 
Purpose, 123-125 


Blood supply, 224-227 

— System, 118 
Boa-constrictor, 369 
Bone, 128-129, 235, 374 
Bone cells, 141 

— grafting, 257 
Bower bird, 281 
Brachiopods, 349, 353 
Brain,130-131, 134-136,215- 

222, 243, 371, 372-375 
Breast bone (sternum), 129 
Breathing, 181-184, 229-231, 
340 

Bronchi, 181 
Brontosatirus, 366 
Brownian movement, 318 
Buffalo, 302 
Butterfly, 281, 347, 349 

CALANUS, 339 
Calcium, 234, 241 
Cancer, 240 

Capillaries, 119-120, 122, 

184-185, 187 

Carbohydrates, 176, 179, 

191, 193 

Carbon dioxide, 121, 173- 
174, 187, 197, 230 
Cartilage (gristle) cells, 141 
Cat, 372 
Caterpillar, 347 
Cell, 137-142, 240-241; set 
Egg 

Cellulose, 195-196 
Cephalopods, 350-353 
Ceratodus, 365 
Ceratosaurus, 301 
Cerebellum, 131, 218 
Cerebrum, 131,215,218-221 
Chelonian, 301 
Chimera, 263 
Chimpanzee, 374 
Chitin, 338 
Chloride, 232 
Chloroform, 243 
Cholera, 242 

Chordates, see Vertebrates 
Chromosomes, 154-155, 158, 
164-166, 268 
Cicada, 339 
Cilia, 339 

Clotting of blood, 240-241 
Cochlea, 209, 210 
Cockroach, 143, 338, 340 
God, 362 
Codosiga, 320 
Coelenterates, 312, 322—329 
Coelomates, 330 
Coelomata, 336 
Collar cells, 321 
Communities, 347-348 
Gondylarthran, 302 
Connective tissue, 141, 258 


Convergence, 169, 288 
Coot, 289 
Gopepods, 318 
Coral, 295, 328 
Cornea, 212-213 
Corpuscles, 138, 188, 190 
Coryphodon, 373 
Cow, 196, 374 

Crab, 149, 249, 288, 304, 318, 
339, 345, 349, 351 
Cramp, 234 
Cranial nerves, 131 
Cranium, 128 
Crayfish, 115, 143, 339 
Creatinine, 197 
Cresol, 236 
Cretinism, 237, 260 
Crocodile, 168, 229, 301, 366, 
369 

Gross-breeding, 159-163 
Crow, 289 

Crustacea, 170, 247, 343 
Curiosity, 376 
Cuttlefish, 282 
Cyanea, 325 
Cytoplasm, 138 
Cytozymc, 241 


DANDELION,’ 274 
Darwin, Charles, 166, 273, 
277-280 


Dasypeltis, 288 
Dedifferentiation, 252-254 
Deer, 250, 280, 302, 320, 
374 


Degeneration, 303-304 
Depressors, 225 
Development, 144-150, 245- 
269 


Diabetes, 232, 236 
Diaphragm, 121, 181 
Differentiation, 253-254 
Digestion, 116—119, 123-124, 
190-198 

— Breathing and, 230-232 
Digitalis, 243 
Dinosaur, 301, 366 
Diphtheria, 241, 259 
Diplodocus, 301, 366 
Dog, 136, 220, 283, 291-292, 
373 

Dogfish, 330, 360-362 
Dormouse, 229 
Dove, 278 

Dragon-fly, 305, 346, 348 


Dropsy, 242 
Drosophila, 
285 


154, 163, 166, 


Drugs, 242-243 
Dugong, 302 
Duodenum, 194 
Dwarf, 238, 239 
Dysentery, 318 
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ear, 128, BO, 209-212 

Echidna, 371 
Echinoderms, 

Effector organs, 133, 

Efferent nerves, 133 
Egg, 146-147, 150, 152 
— Division of, see Segmen- 
tation 

Elasmobranchs, 361-364 
Elephant, 279, 310, 320, 372 . 
Elixir of life, 252 
Embryo, W7-l«> 

Endocrine system, 260-20 i 
Endostyle, 360-361 
Energy, 176-179; see Matter 
Environment, see Adaptation 
— Control of, 292 
Enzymes, 190—191, 193-196, 
231, 236 
Epidermis, 138 
Epiglottis, 191 
Epileptic fit, 220 
Epiphyses, 239 
Epithelium, 138 
Epsom salt, 243 
Ether, 243 

Eustachian tube, 209 
Evolution: 

Methods, 270—287, 296 
Periods, 293 
Processes, 288-3 1 1 
Results, 312-379 
Summary, 377-379 
Theory, 167-172 
Excitation, 133 
Excreta, 117 
Excretion, 121 

Exteroceptor organs, 12.J, itr* 

Eye, 130, 211-215, 348 


F20CES, 117, 195-196 
Fat, 191, 193-197, 235 
Fats, 176, 179 
Fatty acids, 195 
Feathers, 288, 367 
Feet, 128, 288 

Fertilization, 150-152, lo?- 

158 

Fibrinogen* 241 
Fibroblast, 240 
Fins* 361 

Sl68, 170, 181, 187,212, 
289, 291-292, 300-301, 
305, 353, 357, 361-365 
Fission, 318 
Flagella, 339 ' 

Flight, 341 
Fly* 347, 349 
Flying &h, 362 
Focus, 213 
Fcetus, 149 
Food, sii Nutrition 
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Fossils, 171, 271, 293, 310, 
328,355,357,367 
Frog, 114-157, 168, 171, 187, 
196, 247, 253, 256, 263, 
264, 295 
Frog-spawn, 144 
Fructose, 193 

Functional adaptation, 2o«>- 
262 

Fungi, 113 
“ Funny fish, 364 

gall-bladder, 195 

Game birds, 280-281 

Gametes, 153, 155, 156-158, 
159-164 
Ganglia, 131 
Gastric juice, 193 
Gastropod, 350 
Gastrula stage, 145 
Gastrulation, 263-264 
Genes, 156-157 
Genetics, 112 
Geological periods, 294 
Germ layers, 146 
— plasm, 276—277 
Giant, 238-239 
Gills, 144, 149, 181 , 187 
Giraffe, 302 
Glands, 139, 190, 

Glucose, 193, 195-196, 232, 
237 

Glycerol, 195 
Glycogen, 196, 235 
Glyptodont, 302 
Goitre* 256-257 
Gonads, 239, 261 
Grafting, 263—264 
Grasshopper, 129, 281, 
Grebe, 280-281 
Grey matter: 

Brain, 218 
Spinal cord, 204 
Gristle, see Cartilage 
Growth, 239 
Grub, 347 
Gullet, IIS, 191 
Out, 236, 329-330 


HAECKEL, 170 
Hfpmogtobin, 138, 188, 195, 
338 

Hair, 170, 261, 288, 361, 371 
Harvey, William, 119 
Head, 337 
Hearing, 209, 215 
Heart, H9, 122-123, 

185, 224-225, 234-235 
Heart disease, 242 
Heat regulation, 227-229 
Hedgehog, 229, 302 
Heredity, 156-172, 277, 283 
- Human, 164-165 


Herring, 318, 262 
Hip girdle, 129 
Hippopotamus, 373 
Piistology, 137 
Homology, 169 
Hormones, 124 
Horse, llfi, 171, 279-280, 
282, 298-299-300, 306, 
310,372 

PLimming-bird, 367 
Hydra. 223, 247, 291-292, 
295, 324-327 
Hydranths, 326 
Hydrochloric acid, 230 
Hyoid, 128 

ICHTHYOSAUR, 290, 300- 
301, 366 
Iguana, 369 
Iguanodon, 301 

Imago, 347 

“Immune bodies,” 242 
Individuation, 295 
Indol, 236 

InfectiotLS diseases, 241-242 
Inhibition, 133, 222 
Inoculation, 124 
Insects, 181, 215, 247, 340- 
349 

Insulin, 236-237 
Internal environment, 234- 
243 

— secretions, 124 
Intestine, 116-118, 194-197 
328-330, 349 
Inulin, 193 

Invertebrates, 318-354 
Involuntary muscle, 202 
Iodide, 237 
Iodine, 239, 256 
Iris, 212-214 

JACANA, 288 
Jaguar, 302 
Jaundice, 195 

Jelly-fish, 126, I8L 21L 323 
325-326, 328 
Jerboa, 129 ^ 

Johannsen* 283 
Juvenile perkxl, 149 


kangaroo, 129, 262, 
371-372 

Kidney diseaic, 242 
Kidneys* 120, 122, 140, 197- 
198, 231-233,439, 255- 
256 

KihK-alorle, 174 

LABYRIN™, 209 
iACtfiids, 196 
lactic acid, 2M 
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Lactose, 195 

Lamarckian theory of evolu- 
tion, 272-277, 282 
Lamellibranchs, 350 
Lampern, 360-361 
Lamprey, 360-361 
Larva, 336, 347 
Larval period, 149 
Leech, 336, 340 
Lemur, 374 
Lens, 212, 213 
Lepidosiren, 365 
l,eucocytes, 240 
Limpet, 350 
Lingula, 308 

Linkage of factors, 158, 165 
Linnaeus, 312 
Lion, 280, 300, 374 
Litopternan, 302 
Liver, 116-117, 119, 140, 
194, 196-197, 231, 235- 
236, 256 
Liver-fluke, 327 
Lizard, 168, 248-249, 301, 
366, 369 

Lobster, 181, 318, 339 
Locomotor ataxy, 204 
Lumbriculus, 247 
Lung, 121, 181-184, 229-230 

— diseases, 242 

— fish, 364-365 
Lymph-nodes, see Glands 
Lymphatics, 125, 190 


machines, 307-310 
Mackerel, 320 
Maggot, 347 
Malaria, 242, 318 
Malignant tumour, 240 
Malpighian tubules, 349 
Maltose, 191, 195 
Mammals, 168—169, 356- 
357, 367 
Mammoth, 302 
Man, 115, 136, 138, 171, 
291-293, 295, 330, 377- 


379 

Marmoset, 375 
Marsupials, 356, 


369, 371- 


372 

Matter and energy, 173-180 


Measles, 259 
Medulla, 131 

• oblongata, 215-217, 225 
Medusas, 325-326 
Mendelism, 156-166 


Mercaptan, 208 
Mesentery, 118 
Metabolism, 122 
Metameric segmentation, 337 
Metamorphosis, 149 
Metazoa, 322-329 
Methane, 196 


Michigan sheep, 239 
Mid-brain, 217-218 
Milk, 369, 371 
Mimicry, 288-289 
Minnow, 265 
Mitosis, 154 
Modification, 283—285 
Mole, 300, 372 
Mollusc, 247, 337, 349-353 
Monkey, 136, 374 
Morgan, 285 
Moth, 345-349 
Motor areas of brain, 216, 
220-222 
— nerves, 133 
Movement, 125-129 
Mucus cells, 140 
Muller, 202 
Mumps, 190 

Muscle, 125, 140-141, 200- 
20a, 223-224, 257-259 
Mussel, 350, 352 
Mustard, 203 
Mutation, 166, 283-286 
Myriapods, 340 
Myxosdema, 237 

NASAL capsules, 128 
Natural classification, 312- 
313 

— selection, 167, 273, 277- 
278, 286, 310 

Nauplius, 113 
Nautilus, 350 
Nematocysts, 324 
Nematode, 329, 339 
Nemertine, 329 
Nerve, 131—143, 200—201 
Nerve-cells, 141-142 

— fibres, 141-142, 201-202 
Nervous impulse, 201 

— system, 129—136, MI- 
MS, 199-222, 325 

Newt, 168, 246-248, 250, 256, 
264 

Notochord, 147, 168 
Nuclear division, see Mitosis 
Nucleus of cell, 137 
Nutrition, 113—114, 116-117, 
120, 175-180 
OBELIA, 252-253 
Octopus, 349-352 
CEsophagus, 191 
Old age, 149 
Olfactory lobes, 131 
Oocyte, 152 
Opossum, 371 
Optic thalami, 218, 220 
, Orang-outang, 302 
Orbit, 128 

Organic regulation, 223-233 
Organism, M3 
‘^Organizer,” 264 
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Orthogenesis, 282-283, 310 
Osculum, 321, 323 
Ostrich Dinosaur, 300 
Otoliths, 211 
Ovaries, 150 
Over-production, 279 
Oxidation, 120, 173-175, 178 
Oxygen, 187, 197, 223, 227, 
229-231, 233, 235, 237 
Oyster, 350 

“ PAGEMAKER,*’ 224 
Pancreas, 117, 123—124, 140 
194-195, 237, 256 
Pancreatic duct, 117 
— juice, 140 
ParajSin, 275 
Paramecium, 153 
Parapodia, 337-338 
Parasitism, 303-304, 317 
Parasympathetic nervous sys- 
tem, 217 

Parathyroid, 239, 364 
Parazoa, 322 
Pareiosaurian, 301 
Peacock, 281 
Pedicellarite, 354 
Pepsin, 191, 193 
Peptones, 193, 195 
Periwinkle, 350 
Phagocytosis, 253 
Phalangers, 372 
Pheasant, 281 
Phenacodus, 373 
Phenol, 236 
Phosphates, 235 
Phosphoric acid, 197 
Phylum, 312 
Pig, 373 
Pigeon, 278 

Pituitary, 124, 239, 260 
Pituitrin, 239 
Placentals, 371-372 
Pianarian, 246, 250-25 1 , 254- 
255, 264, 328 
Plant bug, 290 
Plants and animals, 111-114 
Platelets, 190 
Platypus, 369, 371 
Plesiosaur, 301, 366 
Pneumonia, 242 
Polar bear, 369 
Polychastes, 336 
Polygordius, 336 
Polyp, 190, 322-328, 348 
Porpoise, 290 
Portal vein, 120, 123 
Potassium, 234 
— salts, 223 
Prawn, 255, 343 
Pre-;f!iatal care, 371 
Proprioceptor organs, 129 
204 
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Proteins, 124, 176, 179, 191, 
193, 195, 197, 236 
Proteoses, 193 
Protoplasm, 137 
Protopterus, 365 
protozoa, 247, 3l6-'322, 340 
Ptarmigan, 289 
Pterodactyl, 169, 300-301, 
366, 368 
Pteropods, 350 
Ptyalin, 190, 195 
Pulmonary artery, 184 
Pupa, 347 
Puppy, 257 
Pure line, 284 
Pylorus, 193 
Python, 369 
Pythonomorph, 301 
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quinine, 243 
RAY, 362 

Recapitulation, Law of, WU 
Receptor organs, 129-134, 
199-204 

Recombination of units, 1 j7- 
164 

Rectum, 117 
Reflex arc, 134-135 
Reaexes, 134-136, 199, 205- 
206, 211, 222 

Regeneration, 247-251, 254- 
256, 258 

Relationships of main groups 
of animal kingdom, 314- 
315 

Reproduction, 144, 150-157, 
318 

Reproductive organs, 150— 

156 

Reptiles, 168—169, 355-357, 
364-366, 369 
Retina, 212-214 
Rhinoceros, 302, 

Ribs, Absence of, in frog, 128 
Rickets, 235 
Ringer’s solution, 234 
Rotifers, 329 

SACCULINA, ns, 303-304 
Salamander, 155, 168, 2 17, 
364 

Saliva, 190-191 
Salivary gland, 140 
Salts, 176, 179. 197 
Sand-hoppers, 339 
Scorpion, 340, 345 
Sea anemone, 323, 328 

— cagk, 285 

— gull, 269 
horse, 362 

*— serpent, 366 

— squirt, 358 


Sea urchin, 153, 279, 354 
S,eal, 280, 302, 369 
Secretin, 124 

Segmentation of egg, Lm- 

147, 154 

^ of insects, 337-339 
Segregation, Law of? L^7, 
159-161 

Semilunar valves, 184 

Sense organs, 207-208, 347- 
348 . 

Sensory areas of brain, 21o, 
221-222 
. — nerves, 133 
Serozyme, 241 
Sexual characters: 

Maturity, 149 
Reproduction, 318; see 
Reproduction 
Secondary, 239-240 
Selection, 279-282 
Shag, 289 
Shank bone, 128 
Shark, 330, 361-362 
Sheep, 196, 239, 283 
Shell-fish, 149, 349 
Shoulder girdle, 129 
Shrew, 375 
Shrimp, 211. 339 
Sight, 212-215 
Size, 331-335, 367, 369 
Skate, 362 
Skatol, 236 

Skeleton, 115, 125-129 
Skin, 226-229 
Skink, 301 
Skull, 128 

Sleeping sickness, 318 
Slime cells, HO 

— glands, 140 
Sloth, 300, 302 

Smell, 130, 207-208, 348 
Snail, 195, 350 
Snake, 168, 229, 288, 301, 
366 

Sodium chloride, 198, 234^ 

— hydrogen carbonate, 230 
Sole, 362 
Soma, 276 -277 
Somatic cells, 321 
Sparrow, 286, 310 
Specialization, 300-3 1 1 
Spermatozoa (spernw), 150- 

152 

Sphenodon, 301 
Sphincter, U6 ^ 

Spider, 181, 281, 340, 345, 
349 

Spinal cord, 128, ISL 134, 
136, 204-207 
— nerves, 131, 134 
Si>onge$, 321-323 
Squid. 349 


Sciuirrel, 302 
Starfish, 153, 352-354 
Statoliths, 21 1 
Sternum, see Breast lx>ne 
Stomach, 1 16. 193 
Stone irnplemeuis, 37f5-377 
Sugar, 193, 195-197,234-236 
Sulphates, 198 
Sulphuric acid, 197, 236 
Sunburn, 275 
Swan, 350 
Sweat, 173, 227-229 
— glands, 159 
Supporting tissues, 141 
Sycon, 323 

Sympathetic nervous-system , 
131,217 
Synapse, 133 


TADPOLE, 144, 181, 248, 
253, 261, 264, 266, 330 
Tapir, 306 
Tarantula, 345 
Tarsicr, 375 
Taste, 130, 207 “208 
Teeth, 128, 356, 362 
Teleosts, 362-364 
Temperature, 229, 367, 369 
Tendon, 129 
— fibre, 257-258 
Termite, 347 
Thalamus, 218, 220 
Theromorph, 301 
Thigh bone, 128-11.9 
Thoracic duct, 189, 196 
Thread cells, 324 
Threshold, 232 
lltyroid, 124, 237, 256, 260- 
261, 361, 364 
Thyroxin, 237, 239 
Tissues, 230..233 
Tilanothere, 302 
Toad, 168, 247-24B ^ 

Tortoise, 168» 301, 36b, 369 
Touch, 139 
Toxin, 241 

'Trachea, 121, 181-482 
'Transport in the bo<!y, Ull ■' 

urn 

Triceratops, 301 
Tricnsjutl valve, 181 
IVoc'hophorc, 336 
Trintt, 362 
Truncua, 123 
Try jam, 195 
Tunicates, 358, 361 
Turtle, 369 

IVim, 'Tdcnticai;* l64'4iK> 
Typhoid, 241-242 
l’yr«tno^stwr, 3CK>, 366 

UINTATHERIUM, 373 
Univalves, 350 
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Urea, 121, 197, 232-233 
Ureters, 197 
Uric acid, 197 
Urine, 140, 198, 232 

VACCINATION, 124, 260 
■Vagus nerves, 131 
Variation, 277, 283-286, 310 
Vasoconstrictors, 225, 227 
Vasodilators, 227 
Veins, 119, 184-186, 190 
Ventricles, 122-123, 184 
Vertebrates (Ghordates), 168, 
312, 337, 355-357 
Vestigial organs, 170-171 
Villi, 194 


Vitamins, 179 
Voluntary actions, 199 

— muscle, 201 
Von Baer, 170 
Vulture, 367 

WALRUS, 369 
Wasp, 288, 341, 347 
Water, 176, 197-198 
Water flea, 322, 339 

— vapour, 173 
Web-iboted birds, 288 
Weight, 173, 367, 369 
Weismaim, 276 

Whale, 170-171, 262, 290, 
300, 302, 353, 369-372 


Whelk, 350 
White matter, 204 
W^indpipe, 181 
Wolf, 372 
Womb, 239 
Wombat, 372 
Wood lice, 339 
Worm, 151, 181, 190, 247, 
249-251, 291-293, 295, 
328-330, 336-340 
Wrist, 129 

X-RAYS, 313 

YEAST, 236 

ZYGOTE, 153-156, 268 
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THE MIND AND ITS WORKINGS 


ACADEMIC psychology, 428 
Actions, Responsibility for, 
436-437 

— Unconscious, 403-404 
Adrenal glands, 398 
Affective aspect, 443 
Animal psychology, 400 
Animals, Instincts in, 400 
Antennularia, Purposiveness 
in, 413 
Aristotle, 435 
Association centres, 401 
Astronomy, Life and, 396 
Axon, 390 

BEHAVIOURISM, 404-410 
Bergson, Henri, 426 
Brain, 389-390-391-392 
— Mind and, 389, 426-427 
Butler, Samuel, 432 

CATEGORIES classified by 
Kant, 441 

Censor, the Freudian, 445 
Choice, Power of, 392-393 
Cognitive aspect, 443 
Combat, Instinct to, 438 
Complex, 446 
Conation, 412, 443 
Conditioned response, 406- 
408 

Conscience, Nature of, 447 
Conscious, The, 445 
Consciousness, 390, 397, 402- 
4-04 

— Dispensing with, 408, 4 1 0 
— Three aspects of, 443 


Construction, Instinct to, 438 
Co-ordination centres, 416 
Crab, Purposiveness in, 413 

DARWIN, Charles, 395 
Dendrites, 390 

Desire, the mainspring of 
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